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FREFACE

This report presents the sesults of a limited
flight test investigation of pilot-induced osciliation
(PIO) due to elevator rate limiting. The objective of
this effort was 1o gather in-flight and ground-based
stmulation data on longitudinal PIO tendensies due
i clovator tale limiting. The USAF Test Filot
Sehool (TPS) was the responsible test organization.

Descriptions of the configurations, insrumentation,
test methods, and tesi procedurss are provided
within the test and evalustion section of this
report,  Results, date products, data  analysis,
and the flight tests are also discussed. The test

iii

program was requested and funded by the Flight
Dynamics Divectorate of Wright Laboratory,
Wright-Pattersen  AFB, Chio, and directed by
the Commandant, USAF TPS, under job order
uwmber M26J200,

Special thanks sre due to the Calspan flight and
ground crew including Bssrs. Lon Knotls, safety
pilot; Mike Sesrs, crew chief end Jim Priest,
engineer. Additionally, Mssrs. Dave Mitchell snd
Roger Hoh of Hoh Aeronautics aided significantly i
the development of the test plan, test matrly, and
analyses of the resulis.
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EXECUTIVE SUMMARY

This report presanis the resulis of a Hemited fight
test mvestipation of pilot-induced oscillation (PIO)
due to elevator rate fimidng, The objective of this
sffort was to gether in-Right and ground-based
simulation data on longitudinal PIO tendencies due so
stevator rate limising. This data wers incorperated into
the PIO detabase at Wright Laboratory to improve
ground-based simulation. The USAF Test Pilot Schoot
(TP8) was the responsible test organization.

Preliminary  ground-based  simulation  was
conducted at the USAF TPS from | March to @ April
1597, Flight testing was conducted using ihe
NT-334 in-flight simuiator aireraft 2t the Alr Force
Flight Test Center, Edwards AFB, Cali¥omia, from
11 to 22 April 1997, Nine sorties totaling 32.8 flight
hours were flown in the NT-33A aircraft. Additional
ground-based shvulation was conducied at the Flight
Dynamics Directorate of Wright Laboratory,
Wright-Patterson AFR, Ohio, on 23 April 1997, The
ast propram was reguested and fupded by the
Flight Dynamics Directoraie of Wright Laboratory,

Wright-Patierson AFB, Chio, sad directed by
the Commandant, USAF TPS, under job ordey
nun ber MYEI0200.

All test objectives wers met. Three aircrafl
copfigurations were verified and then flown on
the NT-33A and the ground-based Large Awmplinude
Multimode  Acrospace  Research Simulator
{LAMARS) using two head-up display wacking tasks
and seven elevator rate Hmits. The configurations were
represented by thwee different longitudinal dynamies
flight confrol implementations. In total, 36 test
conditions were flown by at least 2 pilots in the
NT-33A aircrafi, while 27 test conditions were flovm
by at least 2 pilets in the LAMARS. Comparisons of
the LAMARS w0 the NT-23A airerafl assume that the
LAMARS was representative of the NT-334 airerall;
however, an issue concerning the sitnulavion matching
NT-334 {flight test vesults was not resolved, A
database of pilol comments and railngs, as wall as time
histories, was generated For both in-flight and
ground-based simulation.
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INFTROBUCTION

BACKGROURND

According to a report frem the Nadonal
Research Cousnicil, the most Imporiant desiga tool for
avoiding, discovering, and correcting pilot induced
oscillation (PIO) is simulation snd analysis © seek
out unexpected trigger events and intersctions
(Reference 1), Unfortumstely, PIO & diffieul to
detsct in a simulator, The Mationa: Research Couneil
report (Reference 1) goes on to say that almost all
stew fly-by-wire-squipped airerafi heve exhibited
PIO svents at some time during development. The
PIO events usually oceur when the pilot is engaged
in demanding twsks, working hard to precisely
control the alreraft.

The Flight Dynamics Direcioraie of Wright
Laboratory has been researching ihe ability 1o
predict PIO tendencies on ground-based stmulators
(Reference 2). Past work utilized the 1985 HAVE
PIC database which examined PIO due to lincar
causes i the landing phase (Referemce 3). This
research pided in the development of methods and
technigues 1o beiter correiate simulator predictions
with  in-flight results. The Flight Dynamics
Directoraie wished to expand the FiQ databese to
inglude wnonlinear effects sueh as elevalor rate
liniting at multiple flight phases. The 1996 HAVE
GRIP flight fest program examined PIO due
elevator rate limiting in the landing phase using the
Calspan varinble stability Learjet (Refercnce 4).
Conclusions from the HAVE GRIP program helped
define the test condition muivix for this test program.

The objective of a limiled flight test
investigation of PIO due o clevator rate limiting
(HAVE LIMITS) was o mather in-flight and
ground-bused simulation data on longitudingl FIO
tendencies due 1o slevator vase limiting. The USAF
TPS was the responsible test  organization.
Differenices from the HAVE GRIF flight test
programn  inglode muliiple aireaft configurations,
Gifferent tesks, and & differens flight phase {(cruise).
Also, HAVE GRIF did not have the pilets €y any
ground-bassd simulators,

The NT-334 aircraft was used during this st
program with three different lomgitudingl airersft
dymemics. Several handling qualitiss and PLO criteria

were smployed to make estimates of the expected
flight results. None of these criteria explicitly
addresses the effect of rate liniting, however. The
linesr shor-pericd approximations for the threc
non-rate-firnited configurations were used. Rate
limiting introduces a significant phase lag in aivplane
Tesponee, §0 it was assuned that the primary sfiest of
raie Jimitiag would be an effective increase in
time delay.

Figures A7 through A0 show predicted
handling Jualities and sugeeptibility tw PIO for
the three configurations without rate limiling.
Configuration 20 was expected to be Level 1 (the
Neal-Smith criteria suggested it might be Level 2).
Confipuration 20U, augmentation active, was also
gxpected to be Level 1 (Level 2 on Neal-Smith),
though an sdditional pitch rate oversheot eriterion
developed by Hoh Acronautics, not shown in
Figures A7 through Al{, suggested Level 2 flying
qualities would be expected. Finally, configuration
28 was expectad 10 be Lovel 2 and possibly exhibit
PIO tendencies.

With the added time delay resulting from rate
limiting, configuration 2D, with ity very high
bandwidih, was expected to be rslatively resistant to
PIO. With very low rate limits, it was likely that this
configuration would become unfiyable due to a
fack of aigplane response before it would develop
susigined PIO. Configuration 2P was sxpecied to
show PIC with rate limiting. For contipusation 2DU,
the sffect of rate limiting was expected to be sudden
and deamatic; in the absence of rate limiting, it was
expecied to be good, and become sirongly divergent
when rate liniting was reached. The terminology
used for the three aivcraft modsls is provided in
Table 1.

The MT-334 aireraft was flown using two
head-up display (HUD) tracking tasks designsd to
make the pilot increase gain to precisely conirol the
sircraft, The HUD tacking tasks were also
wrogremmed and displayed in the twe ground-based
simulators. Seven different elevator rats limits wers
used in both simuistion and fight,

“
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Table 1
DEFINITION OF THE THREE AIRCRAFT MODELS

Alreraft
Modelz Digseription of Shmulated Alrcraft Longituding] Dynanics

0D Tesied Good Aivorait, Level | Handling Gualities

2P 20 with Addizional Phase Lag B

20y Predicted Unstable Aircraft Augmented w Level | Handling Qualities |
PROGRAM CHRONOLOGY TEST GBIECTIVES

This test progrem wused the pamadipm  of
predici-test-compare. Alosg with analytical predictions,
pilots practiced the HUD wacking weks begioning In
Biareh 1957, on the USAF TPS ground-based sknulator
developed by High Plains Enginesring. During this
stemulation, various clevator rafe  lmits  were
considered and established for use on the NT-33A,
Flight tests and grownd model verification wers
coadueted using the NT-334, at the Air Force Flight
Test Conter (AFFTC) Edwards AFB, Californis, from
11 o 22 April 1997, Nine sorties toraling 12.8 flight
hours wese flown in the NT-33A. Comparative lesting
was compleied on 25 April 1997, when the evaluation
pilots few the majorily of the eonfigurations flown
durlng flight test, oo the wound-based Lavge
Amplitude Multimode Acrospace Resswrch Simulator
(LAMARS) with motion. The simulster is locuted at
the Flight Dvnamies Divestorate of Wright Laboratory,
Wright-Paiierson AFE, Chio,

TEST FTEM DESCRIPTION

e test items were three longitudinal aierafi
models listed in Appendix A. The lateral-directional
model vsed for the test program was the ssme for all
thwce configurations and is also lisied in Appendix A.
The same aiveraft dynamjes flown i the NT-33A
sirera®t were mathematicaliy raodeled aud flown in due
USAF TPS simulstor and LAMARS with motion.
Speeific descriptions of each of these test assels e
listed in Appendix A.

The overall test objective was to gather -flight
and ground-based simulation data on lengitedinal
PIO tendencies due o elevator vaie Hmitlng, To mest
this overall objeciive, data were gathered usiung
giverafl dyniamics, & ange of elovator rate limiis, and
two HUD macking tasks as shown in Figwe [.
Draring au evaluation, the pilot flew one of the two
HUD wacking tasks on either the ground-based or
in-flight stmularer with a particolar sst of aifcraflt
dynaniics and ane of the clevator rate limits, Each
evaluation generaied @ database of pilot ratings,
comisents, and time-history data,

The following four specific test objsctives were
developed 10 meet the overall objective:

1. Verify the airera® models in Appendix A
were porectly implemented on the NT-334 airerafi,

2. Determine a rznge of elevator rate limits for
wse on the NT-33A aivcraft during flight rest,

3. Gather in-flight data for the test conditions
in Appendix A, and

4. Cather ground-based simulation data wisg
LAMARS for the test conditions in Appendix A for
comparison with in-fight data,

Al test objectives were met.

Toalmairen PhaterTen BRauIIng Alreaatt TEswgh oy TR Tratn af |
Grevad Sassd aad Sanghudinal Wlavarar Rate VD Teryet, Duy
in Yidgie} Dyanmiss Limitieg of Ve Tusks
BATABAST
LIZAR TS SOOU AIRCRART STARDARD Taek | BE
siauiar N334 RATE Dissrare Togk CODPTR.
LIMIT RARPER
s GOOD AIRCRAFY (157 doglaen) o BATIRGS,
T84 with PHASE LAG ¢ PR RATINGS,
S ARDTINE
YHETABLE i Tk 2 HISTHRIES
LAMARS BRACRAFT SEVERE RATR Suwn-af-Sinuz
AUCMENTEL TO LERITY
LEVER 1 (10 daglsen)
i -
Figure | Test Program Concept
-
&
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TEST AND EVALUATION

GENERAL

All test objectives were met. The preliminary
simulation was conducied i@ the USAF TPE
simulator to practice mission conduct and determine
u runge of possible elevator rate bimits. Bazed on
USAF TPS simulation results, & range of elevaior
e limits was given to Calspan prior to thely
checkour and verification flights in Bufikic, New
York, on 24 and 27 March 1997, Calspan verified
the gireraft models, the HUD wacking tssks, and a
ranpe of rate limits for use in flght tests at the
AFFTC, Fdwards AFB, California, fom 11 0 22
April 1987, Dwuring fight vest, nine sorties totalmg
12.8 flight hours {twee surties per evaluation pilot)
weie tlown ut Bdwards ATB, in the NT-33A airerafl,
It wes assumed that ground-based simulation in
LAMARS was dope with the same rate lmdis,
sircrafl models, and HUD tracking tasks as those
used in the NT-33A tesi flights. Figure 2 provides an
everview of the test program flow,

All tesing was comducted using the airerafl
models, raie Hmits, and tracking tasks deseribed in
Appendix A. The sevodynamic models were point
designs for 250 koots and 10,000 feet pressure
altitude. Flight iest briefings, in-flight execution, and
postilight debriefings were compleied in accordance
with ({AW) the procedures in Appendix F.
All NT-33A {light iesting was accomplished
in the cruise comfiguration {geav/f{lapsispecdbrake
refracied). Ground-based simulation in LAMARS
was done afier flight testing so the exact fest
conditions tested  in-flight were simuolated.
Requirements for the procedursl flow of the (est plan
are detailed in the Requirements Traceability Matrix
{Appendix E) and the Project HAVE LIMITS test
plan (Reference 5). The HUD wracking tasks flown in
the USAF TPE simulater and LAMARS were
assumed to be the same as the NT-334 zircrafl as
described in Appeadix A,

VERIFICATION OF AIRCRAXT
MOBELS

Methoada 8o Conditions:

In accordance with the paradigm of prodici-iest-
conipare, the following two analytical methods were
used to verify the three atroraft models:

i, Fich-eicp  sesponse  comparkon  with
MATLAB® time-downsin predictions, and

3. Fregusney response anabysis (FRA) with
lower order sguivalent system (LOES).

Thiring the first checkout flight in Buffalo,
New York, the Cslspan pilot initisted programmed
piteh-step inpuis for the three aircraft models defined
in Appendin A. The Calspan pilot also conducted a
40-second wanual pitch frequency sweep of the
thres alvoratt models. The standard WT-33A aircrafl
elevator rate limit of 157 degrees per second was
used for model verification. The dme-domain daia,
defined iy Appendix Db, were collected by Calspan
and provided to USAF TPS for analysis. Calspan
also provided FRA with a LOES estimation for each
aiverafl rospunse mode) based on their own criterion
which was different from the one suggested in
MIL-STD-1797A (Reference §). Time-domain dara
from the Calspan checkout fights were compared
against preflight predictions modeled in MATLAB®
version 4.2C. Final data producis consist of
time-domain comparisons of pitch response 1o
predictions, Bode plot comparisons of airerafl
dynamics to the LOES estination, and a table
comparing the LOES-estimated second order aircraft
dynamics to  the requested aircrafl  dynamics.
Suceessful aireraft response verification was defined
as Flight Dynasics Directorate acceptance of the thves
sircraft models based on quick-look data products
provided prior to fight test ot Edwards AFB.

& : X
U“"ﬁi ;::ié Calspan checkout NT-33A Ifé;ﬁiis ed
grouRe-Lx . flights —5 flight est 5 SouRdn
simulaticn L sienulation
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Eesulis aud Anglysas:

The the.e airersft models, defined in Appendix
A, were successfully verified. The NT-324 moded
valideton fight test was conducied by Calspan on
27 Merch 1997, The flight test and subseguent
guich-look snalyses were completed poior to the
beginning of testing ot Edwards AFB on 11 Apwil
1997, As siaivd in the procedures, date products
included both time-domain snd FRA comparisons.
Time-demsain siop response results are presentsd in
Figure Bl The three time-domsin pitch response
fisres compare flight test resulis v requested
aircrafl dysamic response. Frequency-domain resalts
are also presented in Figures B2, B3, and B4 for the
three airoraft models.

Calspan's eritevion improved the accuracy of the
LOES matek with nespect to the FRA flight st data
at low frequeney (Figures B2, B3, and B4).

Frequency-domaln  validation of the theee
girerefl models was based on the LOES estimation of
aireraft response compared to the requested afveraft
dynamics, Percent differences are listed in Table 2.

The most significant difference was the 2DU
dynaiaie response (both short period damping [£,]
and etural frequancy [0, 1) In both the thue-domadi
(Figure B1y and the frequency-domain (Figure B4},
20U flight test eesulis did  not provide

an exset mutch ®w the requested dymamics. The
time- and frequency-domain comparison of 2DU
was provided o the Flight Dynamtics Directorate
prier to fight wst. While de Flight Dynamnics
Directorete sckuowlcdged the differences between
20 and 2DU, they approved the three alroraf
dynammics as saiisfactory for the purpose of this
elevator ratc lit investigwion,

DETERMINATION OF ELEVATOR
RATE LIMIT RaNGE

Methods snd Coaditions:

‘The rangs of elevator rale limits o be used in
the actuel fight tewt progoam was  detormined
through a three-step process,

1. The USBAF TPS simulator was used to
perform an elevator vate limlt fvestigation to
recommend g range of elovator rate lmit to Calsoan
prior to checkout flights in Buffalo, New Youk. The
mivestigation consisted of pilots flying the 2D
aireraft model with the sum-ofsines aud discrete
tracking tasks with various elevator rate limits. The
cvaluation criteria for the investigaiien was the
percentage of time on the simulsied elevator iate
Limit. The success critgria for the USAF TFS
simavlator was 2 vange of elevator raie Hmils that
provided different percentages of time (<5 o >20
percent) on the simulaied slevator rate Hmit,

Table 2
COMPARISON OF LOWER ORDER EQUIVALENT SYSTEM SECOND ORIJER AIRCRAFT
RESPONSE WITH REQUESTED AIRCRAFT DYNAMICS

Flight Test Requested Difierence (3xct)
Lower Order Adreratt (est - requast) s -
Model |  Parameter Equivalent Sysiem Dynamies reguest
- 0.740 0.7 +8.71
iV 0, (P52} 4.563 4.9 -0.76
To 0.837 0.8 , 4,63 ]
0.740 0.7 +5.71
2P ) 4.863% 49 .74
o Tz 0.837 0.8 +4.63 B
[ 0.640 0.9 -8.57
200 8, (radisee) 5168 49 +5 43
N Ter 0837 0.8 +4.85
Motes: 1. &, - shoxt period damping ratic
2. 0, - show pericd netusal Feguency
3. Ty - high fregseney pitch audude ze0
4
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2. During checkout flights in Buffalo, New
York, Calspan piots few differemt elevator
rate limits within the range determined in the
USAF TPS simulstor using the smne 2D aireraft
mads] and vasks. Calspan then recommended thyee
primary and four back-up rate limits for the test
prograsn. Calspan based their recomunendation on
achieving a range of values for perceniage of time
on the elevator rate limit,

3. During fiight test sortie 1, an evaluation of
the Calspan recommended slevaior rate limity was
completed. After the flight, data were evalumted
from each feyr pout. Evaluavion ciiteria were a
quick-look analysis of Cooper-Hamper (CH) and
PIO ratings. The suecess criteria was a qualitative
comparison of flight test results and preflight
predictions.

Based on the USAY TPS ground-based
simulation, alevator vate limits of 10, 20, 30, 40,
30, and 60 wegrees per second were recommended
to Calspan prior w their checkout flights. Calspan
then flow with these elevator gate limits on 24 and
27 March 1997, and recommended twee primary
sud four secondary values which are listed in
Tavie 3.

Table 3
CALSPAN RECOMMENDED
ELEVATOR RATE LIMITS

Primary Elevator | Secondary Elevator
Rate Ligits Rate Limits
{dag/sec) (deg/secy
20 10
40 30
50 50 )
ane 157

Tote: oe? not applicable

The three primary clevator vate limits were
flown and qualitatively evaluated by USAF TPS
and Calspan. The primary elevator rate limits
produced a full range of CH and PIO ratings.
Thirtcen evaluations were made during the firgt
sortie (eight to nine evalustions were expecied).
Due 10 this inereased test point efficiency, the test
tzam delermined the secondary slevator rate limits
could alse be evaluated in sorties 2 through 5,

IN-FLEGHT DATA COLLECTION

Each test condition in Appendix A was flown
by &t leass wo pilots. If the CH ratings differed by
more than two for any iest condition, that test
condition was flown at least ihwee tumes. Pretost
briefing, test execution procedures, and debricfing
requirements arg listed in Appendix F.

Pilot conunents were vecorded on audio and
HUD video referencing the pilot comment card in
Appendix D for sach iest condition flown. The CH
and PIO ratings (using the respective scales in
Appendix DY were given by each pilot for each test
condition flown. Time histories of the parameters.
listed in Appendix D were recorded for every test
condition. Afier each sortie, the evaluation pilot
traniseribed his comments while reviewing he
HUY» audio/video recording.

All test points in the tesi condition matrix in
Appendix & were flown at 250 220 knots at
10,000 £1,000 feet pressure altiede. The safery
pilot contiolled the throttle o maintain afrspesd.
To ensure objectivity, the evaluation pilot did not
know which test point was being evaluated and
was allowed to repeat any point a5 NeCessary.

Resunlts snd Anslyses:

Appendix C contsins an oversll evaluation
of each test condition, pilot commenis, and
sample time histories, The 36 differemt test
conditions flowm on the NT-33A airerafl are listed
in  Table 4. Experiment numiber, aircraft
configuration, task, rate Hmit, CH, and PIO ratings
are listed. Filot ralings by differemt pllows are
separated by “§”. Multiple ratings by the same
pilot are separated by /", The orider of pilot ratings
is Pilot T |l Pilot 2 | Pilot 3. If a given pilot did not
iy a test condition, 2 *-" is used.

Figures 3 end 4 are graphical representations
of the CH and PlO ratings for each test condition
evaluated in flight. Each of the six subplots in
Figures 3 and 4 shows the ratings for 2 particalar
aircraft configuration and task over the range of
rate limits and pilots (e.g., 20, diserete task, rate
limits 10 two 157 degrees per second, all three
pilots). In the figures, task s broken oul by subplist
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Table 4
PILOT RATINGS FOR NT-3134 FLIGHT TEST PROGRAM
{11 THROUGH 22 APRE, 1997)

NpurwP

head-up display video tapes

Ri, - elovator rate [bnit in degrees per sscond

6T

. PIOR - pilot-induced oscillation sating
&IC - aivcvaft configaration

. S0US - sum-of-sines
. CHER - Coopar-Harper rating

- pilot did sot fly the seat condition

. Bxp AT Task RL CHR PIOR
40 0 discrete ) sis/4fs 3537203
41 20 Jiserete 20 2352 28242
42 2D discrete 30 2281 2101
43 pir) discrete 40 3j5/2/651/2 203/1/2§1/2
a4 2D discrate 50 41284 HHE
46 20 distrete 187 28-14 2882
47 s} S0§ 18 $§587 it3s
43 0 308 S ITETE 552E2
i9 20 508 30 484/281 3§2/181
50 2D 80§ 48 4/38441/2/1 37403017271
51 2D 508 50 4/38202 2/20101
53 20 SO3S 157 31-12 20-11
54 2 discrete i 68617 3§53 |
55 2P discrese 20 Sla/6/4/847/3 | 4837473745471
56 ap discreie 30 47-1s 3813
57 2P discrete | 40 3}615/5 20483/3
58 2P discrete 50 457413 2437342
60 2P discrete | 157 40-54 28-12
61 2P 808 19 giofa 4844
52 27 S08 20 588757806 485/4/544
63 2P S08 30 4]506 3f383
7 2P 508 49 547/4/585 4k4/3/383
45 2F S0O8 50 HOE 35203
&7 2P 508 157 58-15 30-03
69 U | discree 20 iof10k10 64615
70 DU 1 discrste 30 94.810 BEE
71 2DU | diserese 40 iodichio HBE
72 DU | discrewe 50 5/8810] 10 YEIE]
73 200 | diserew 60 8f4/3010/10 483/205/5
74 DU | discro 157 -§205/4 NEEE
78 DY 508 0 10[10410 HHE
77 oy | 808 30 8/3]2§9/8 472815473
78 2P0 508 40 SH3/416 3027304
79 20U 508 50 5E4k6 4f3583
80 apy 808 60 33/305 2827203
gl 20U SOS 157 35-13 21-52
Notes: 1. Bxp - Calspun-designsted enperisaent numbers which appeer on all

Rultiple mtings by same pilot aeparated by 7. Ovder of gilot retings is Pt 1 § Pllot 2 § Pilw 3.
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column, sicral configurstion by subslot row.
Hade Hmit &5 vyried over the x~-axis It esch plet, snd
pilots ore idemtified by differsmt symbols, The
following analysis of rating ends is broken dowa
by atreraft confignurstion.

Overall, configuration 20 was svalusted as
Level 1 with no PIO wndency for slevaior rate
limits of 20 degress per second and zbove. Pilok
commented that configuration 2D felt “springy” &
clevator rate limits of 50 degress per secomd and
above. Consequently, lower values (30 to 40 degrees
per second) tended fo “smooth” the aircrafl response
resulting in betier ratings. Decrsasing the elevator
rate Heit o 10 degrees per second depraded ratings
snd resulied in one PIO. The difference botwaen the
two tazks did not appear 1o affect pilol ratings.

Oversll, configurstion 2P was cvaluated as
Level 2 for ¢levator rate limits of 20 degrees per
second and above. Generally, pilot ratings were
higher for the sum-of-sines than the diserete tusk.
Configuration 2P had added phase lag which was
a function of freguency. The sum-of-sines task
was frequency based; therefore, it exposed phase
lag more than the discrete sk, The 2P sum-of-sines
PIG ratings ranged from “a tendency of undesirable
motions affecting task performance” to “sustained
oscillations with possible divergence.” However,
none of the rate lmits tested caused the aircrafl o
be uncontrollable.

Configwrstion 20U CH ratings ranged fiom
Level 1 to unconiroliable depending om task and
rate linit. Handling qualities eliffs were discovered
as pilots gave favorable comments during a
good portion of a wask and were then suprised as
control rapidly degraded and the NT-33A sutomatic
safety wip enguged. Durisg one evaluation, the
safely wip engaged at an elevaior rate limit of
60 degrees per second during the discrete sk, The
same test condition was evaluated Level 1 during 2
different evaluation. With the smndard NT-33A
elevator rate Himit, configurativa 201 was borderling
Level 1. The discrete task exposed handling qualities
geficiencices as kigher elevator rate limit values than
the sum-of-sines task. Only at an elevaior rate Himit
of 20 degrees per second did the NT-334 safery
irip engage for the sumw-oftsings wsk comparsd to
&0 degrers per second for the discrete task.

GROUNDBASED
SIMULATION DATA

Methoads spd Conditions:

The test tean flew 8.0 hours @ LAMARS
on 25 April 1997, to complete as maay of the
test poings in Appendix A as possible. In general,
the same procedurgs wsed when Oying the NT-33A
aiveraft were used in LAMARS. One exception was
that no safety pilot was reguired in LAMARS. Eack
pilot flew test conditions in the same order as i the
NT-33A. The pilots, however, were not aware they
were fiying the w28t conditions in the szme order,
nor were they briefed on the results from fight test.
Hence, the pilets were still “biind” o the tesi
conditions being Hown.

Twenty-seven of the 36 tesi conditions flown
on the NT-334 aircraft were flown by at least
2 pilots on LAMARS. Experiment number, aireraft
configuration, task, rate limit, CH ratings, and PIO
ratings are listed in Table 5. Tabde 5 (LAMARS pilot
ratings) is siyuctured in the sume mannst as Table 4
{NT-334 pilot ratings).

Theie were two issues comeerning LAMARS
that were not yesolved:

i. Apperent slick force per ¢ in LAMARS
versus than the NT-334 aireraft, and

2. Tracking task commanded bank angle in the
LAMARS versus the NT-33A aircraft.

The following results assume simulstion on
LAMARS was representative of the NT-324, Issues
concering the feel system ang task on LAMARS
should be examined Co exsure they match what
was flown on the NT-334 airceafl. {R}'

Figures 5 and § show pilot ratings for both
the disceete and  sum-of-sines tasks from the
LAMARS,. The format of Figores 5 and & is identicat
0 Figures 3 and 4 (NT-33A flight test resulis). The
following overall trends and evaluations are broken
down by aircraft configuration.

Me R owitsin pagentheses  comesponds 0 the  bolded
wsommendation in the Conclusions and  Reeommendations
section of tis report. .




B
Table 5
FILOT RATINGS FOR LARCE AMPLITUDE MULTIMODE
AYROSPACH RESEARCH SIMULATOR PROGRAM (25 APRIL 1997) B
Bap AL Task RL | CHE FIOR s
40 Pt} disczets 10 HHE 27413
41 20 diserete 20 447)3 20412
42 D dircraie 30 BiME o
43 20 disciete 40 313/342 2827341 &
44 n digcrete S0 39143 apifig
46 20 diserets 157 ~4-F- -B-4-
47 20 808 10 NBE IBE
4% D S08 gt 24341 IRl
49 n 308 30 28411 24281
50 2D 508 40 21211 2)1§1 B
51 | 205 50 3]241 28101
33 21 508 157 -f-li1 -f-f1
54 ar diserete i0 418 3j-f4
38 28 discrete 20 2§5/643 3§3/402
56 piy discrete 30 3847 24.14
57 | divereie 40 3506 Shakd &
58 2F diserete 50 3fd/604 237442
60 P discrete 187 ~-f- -j-f-
&1 ey 808 i 44-12 2185
62 2P S08 20 Al3sake 1 2h2/2]4
63 2P 808 30 -1-19 -4-i4 ) &
&4 2P 808 40 312/587 2§1/374
63 2P 808 50 44316 2] 1l4
47 iy 508 157 a3 L def-
69 2Dy distreie 20 4/1001085/8 | 2/515813/3
10 2131 discrate 30 10f-16 i3 )
71 2DU discrete 40 312/513 217402 ]
72 DU digprere 50 21314 2i2R2
73 2DU diserote 80 -§545 1303
74 1 2DU discrete 157 -§-46 -§-42
76 pavs| 308 0 3p448 21244
77 20U SG5 0 ~J2l3 -H1h2 B
78 20U | 808 40 3lsf 2[3f1
79 2Dy S08 50 3212 2f1§2
80 20U SO8 50 4512 -§3R1
81 DU 508 157 ~1-§- __~f-0-
Noges: 1. Bxp - Calspan designated experiment numbers which appear on
ail HUD video tapes B
2, BL -elevator yate hmii in degrees per second '
3. FIOR - pilot-induced cxcillation rating
4, AIC - aircraft configuration
5. 3085 - sum~of-sines
6, CHR - Cooper-Harper rating
7. “=" - pilgt did not iy the sest conditdon o

! Multiple ratings by same piet sepersied by "/, Onler of pllot seings is Pilor 1 | Filot 2 § Bilor 3.

10




@

an

Discrete Task Sun-of-Sines Task
10+ uncontrolisble 16T mwnﬂ&gﬂ?
g e R Y Fsﬁ;z R
-§ g+ Xporl|  fewl3| o g+ Hpder2|  Level3
TR el STt s
467 X gst
L o§ - ia Level 2 ’g‘ g & Levei 2
]
Bat. Y St X
Ui+ 4+ B @ @ Vot E +
5 o Lovel | 9 4 b o+ B xR Lavel
i 4 . — e T R SRS SO . o]
¢ 10 20 30 40 S50 &0 187 ¢ 1 20 30 40 S50 60 187V
Elevaior Rate Limit (deg/sec) Elevator Rate Limit (Jog/ses)
a. Adivraft Configuration 2D
10 _; uaeantoliable i0 uncontrollable
P S rerern SRR mgunﬁ ...... R P SR
et o Redwz|  Levd3| O g Reot2|  levdl3
K?.'z v 4 ¥ Brist 3 Ef‘ 74+ e B3
§ &+ % g o= §= G & o
O AC SR 3 ® Level 2 v 8+ ® Lovel 2
Sat I -RENC I N Yo
Oog + o d 3T ® + K
il " Loved § ! 3 Lavel t
A
i l ) ! A 4 F- igparm g et L A s L
G W 20 30 40 30 &0 137 ¢ 10 20 30 40 s s¢ 157
Elevator Rate Livait (deg/sec) Elevator Rate Limit {degfsec)
b. Aircraft Configuration 29
to G e o frmerie o
w ¢ “Pilot 1 w9 T +PBiot 1 |
§ g+ Levld B Wpitor 2 H8+ lewin Xilot 2|
Xr Kimlo13 %o RElo 3 |
5%?} 6+ g o % et ) )
T sl Levd2 @ % 5] ool Levaz % %
Bal v 5 S R
oy 8 % Y4 ¢ oW+ %
9 + Lavel 1 52 % 44 fovel 1 % @ 8
1 2 S 1 Y- L__Avr‘}l_,,,_ I b, L i J:&gx_ 4, i nv 5
O ¢ I 30 40 56 &0 157 O 1@ 20 3% 4 sb ed 137
Blevator Bate Limd! (deg/ss) Elevator Raie Limic (dogface)

. Admralt Conliguration 2DU
Figwse 3 Cooper-Hazper Ratings for Large Ampliteds Muldmods Research Simulator Program (35 Apeil 1997)

i1




3

Diserete Task Susn-of-Sines Task
6+ “Fllot 1 6 [+ it 1
HBiiet 2 Hpjlorz
g+ Eldio 3 5 OFia 3
% 23
=1 £3
54 + X R g-% +
) i
E\: % - ] & 3
3 - + e 2 (=] 7T & B + +
§ s e e g T e 7 e
¢ 10 20 30 40 30 &0 187 ¢ 0 20 30 4 50 &0 157
Elevator Rate Limit (dep/ase) Elevator Rate Limit {dap/eec)
& Ajreeslk Configuration 2D
6+ Pt 1 6+ il 1
Mot 2 Xoin2
5 Orior 3 5 ] Cisilet 3
2 ®
gé + B ¥ §o o8 o 54 + o R & S |
Ezd o+ 3t gs -+ *®
2 T 2 <+ + B 2 + ¥ 4 3
!
} l 4 i i 5 4 oy med i e Bimasammeiime Sl o
¢ 10 20 3¢ 4 S0 80 187 ¢ 16 2 30 40 30 60 157
Blevator Rate Limd (dey/sec) Elevator Rate Limit (des/zec)
b. Adpcraft Confliguestion 2P
&7 $hlot § 8T
Hpilot 2
5 - Eitdlon 3 5
z 2
Sa- 3% qef B
B =R~ S 3¢ "
7 4 + 8 b 5+ B o0 %
i I 1 U - R —— - B
O MY 30 30 4D 30 & 137 ¢ 0 20 30 40 50 €0 157

Elevater Rate Limit (dsgienc)
¢. Alrerali Configuration 2DU

Blevasor Rate Limtt (degfece)
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Overall, configuration 2D was lavel § in
LAMARS with no FIO wendency for clevator rate
Iraits of 40 degress per sebond and sbove, The
Pi0s were seen for elevator zate lmits of
30 degrees per second and below. Ratings for
tht disorete task were woise than those for the
suxr-of-gies task.

Configuration 2P was Level 2, Task did aot
sppear to affect pilot ratings.

Configuradon 20U hed en appursst handling
qualities cliff between elevator rate limiy of 30 and
40 degress per second. Radngs wers highly
saguered. Ratings for the diserete task were worss
than those for the sum-of-gines task,

COMPARISON OF LAMARE TO
NT-33A FLIGHT TUST RESULTS

Figuwes 7 end & show pilot ratings fom
LAMARS and the NT-334 girerafi. Overall,
configurations 20 and 2F had good corvelstion
between: in-flight snd pround-based  sizaulation.
Ratings seen in Mght were geserslly seon n
LAMARS. Configuration 2DU had poor cowelation
tetwenn in-flight and ground-based simulation. The
CH ratings differed by as waxh as 6, aud PIO
vatiogs diffored by as much as 3.

Pilots gave the Tollowing general differences
botween LAMARS and the WT-33A aircrafi. These
comments were for all configurations; howsver,

i3

they ware most provalent for configuration 20U,
The sifferences wers s follows:

I, & was much easfer o eack and obigi
desired perfomance in LAMARS.

2. It was easier fo discom differences
betweei tost conditions in the NT-334 aircraft,

3. The LAMARS pitch stick forces appeared
0 be hesvier thaw e NTWI3A aivoraft for
moderate o high-g loadings. Upconollable test
conditions seen in-flight occursed wmsder high-g
apgressive pulls, A heavy stek tended o sbsorb
pilot aggressivensss,

4. The LAMARS siiek geip wes an P 15-type;
bigger and move diffiendt to gasp. In the first
34 evaluations, the stick gip was slightly looss
giving the impression of fres play.

3. Bince the variable swbility system limnits
that wripped off the NT-33A ajjoralt were not
modeled in LAMARS, the pilot falt he could iy
bud configurations longer.

6. Steady-state piich response was difficult
1o evalumis in LAMARS due to fack of sustained
g foedback.

7. Lower pilot pains in LAMARS were
atiributed to lack of total environmental feedback
cues (g, visual, engine noise, etc.) that were proseit
in-flight,
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CONCLUSIONS AND RECOMMENDATIONS

Al st oblectives were mst Three aireraft
confipeations were vorified and flown on the NT-33A
w-flight simulator aersR and the ground-based
Large Amplitude Muldrmode Aerospace Research
Stmulator (LAMARS) using two beadwup (ilsplay
wacking tasks and seven elevator vats lismits. In total,
36 s conditions were flown by at feast 2 pilots
in the NT-33A aircraft, while 27 test conditions
were flown by at least 2 pilots in LAMARE. A
daisbase of pilot comments and raings, as well as
time histories, was generaited for both in-flight and
ground-based simulation.

As prediveed, configoration 2D did aot exhibit
FIO tendency im flight until an clevator rate of
10 degrees per second was used. Pilots commented
that configuration 2D feli “epringy”™ at elevator rate
fimits of 50 degiees per sccond sad abowe,

7

Conseguently, lower values (30 10 40 degrees per
seeond) tended o “smooth” the airersfl response
resulting in botter ratings. As predicied, configuration
2P was Level 2 in flight with no oate limdtleg and
degreded with rute limideg Also as predicted,
configueation 2DU was bordedine Level 1 in flight
with no sate liiting and besane strongly divergen
when rate lmidag was vesched,

As of the publishing of this rport two issues
remained outstanding regavding difforences between
LAMARS and ihe NT-334 test setups.

Issusy concerning G feel sysiom ond
sk on LAMARS should be oxamined
fo snsure hay weich what was flown
on the NT-33A alveraft, (Page 8}
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TEST ITEM DESCRIPTION

GENERAL &
The itom vuder tost wus defined a5 theee 3. The two tucking tasks, and
different sivcrall models, s rangs of raip limits, sud
two different tsks. Hach test condition evalusied 4. The test assets.
consisted of & particulur aircraft model, wek, and rate .
fimit. Figwe Al grophically depicts the definition of  AIRCRAFT MODELS &
each st condition.
The aiverafi medel was divided into
An ecxemple of an individual test condition separate fongitadined and lateral-directonsl control
would be V213, 20 degrees per second, sum-ol-sines.” modsls. The longiedies] control model for cach of
This defiues the abioraR loagituding dynamics, the three configurations is described below. The
te mate Hmit, and the wacking task 1o be evalugsed fateral-ditectonal control model wes identienl for B
by the pilot for z pertienler isst coudiiion. This gach of the three configurations, 20, 2P, aad 20U
test condition was then evaluaied by one of mors and is described after the three different lougiudival
pilots with the datg in Appendix I collected. For mudels ure pressnted.
the NT-33A in-flight simulstor testing, a comple
list of the test conditions evaluaied is provided in
Appondix C. B
. o N Geperal  swucowe of the theee longinudined
The rest of the test ftemm destription provides 2 control medels is shown in Figure AZ.
wore detailed description of!
. oy The differences in sirorafe longitudinsl models
1. The twee alreraft models, were in the simaisted sirfrome plus Slhers and the
L foedbak. The foliowiag subsections describe each of B
2. Rate limits, the blocks in Figure A2
B
Ajreraft Rate Limits Tracking
Kodels (depfose) Tasks
25 primary surs-of-sinecs
W 20, 40, 50 B
20U secondary discrele
10, 36, 60, 157
e
E /‘/ B
" Xndiwi;m
. Test »Cea&iﬁ:/
Figurs Al Delinition of Individual Test Conditions
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stick stiok piteh
force nosition . attitude
, sivanlaied 5 ‘% simulated { ) simulated sirframe
¥ feel system Sos E PELS Ix{fﬁ;i Se plus Blers 8
| feodback
(200 onlyy

Figure 42 Block Diageawn of Longitudingl Sysiem

For ench of the theee configurations, 2D, 2P, and
2DV, the simulated feel system was identical, The
longitudina simulated feel syatesn dyrsamics had &
daping rate of 0.65 and v najurel Fequency of
23 radisns per second. Spring gradiemt was
23 pounds/g from 1.0 w 1.8 g and 7 poundy/p above
1.2 g The clevator geering (contro] sensitivity) was
nouliness as showa in Figure 43,

The lateral simulated fesl system dynatics were
designed for good conwol havmony with a demping
ratio of 0.5 and & natural Sequency of 22 radians per
seoond, Spring geadient wes 6.5 poundsfinch. All
evaluations were flowa feel on the Jotr (e, no
rudder inputs).

Alrlranae Flus Flllers:

Ths short-peried  approximations for 848,
are listed in “able Al Configuration 2D was
the baseline e, Hs dypamics were based on
& configuration gvaluated in the Neal-Smith
experiment (Reference 7) where it was g good (flying

qualides Level 1) atplane. Coafiguration 28 was
developed for this progeam by mubliiplying 20 by a
firsteorder lag of 4fs+d). Configuration 2D was
designed for Gds progeam as well it was intended to
be simdlar to 20 when augmeniation was active (as
listed in Table Al), Without sugmentation, such as
when te rate limlt was veached, 2ZDU had a
divergent short-period reode with & tme to double of
approsimately 3.5 seconds.

in the Neal-Smith experiment (Reference 7),
foree command sensing was wsed. That is, sireraft
commands were bused on plistapplied foroes and
the cockpit stick’s feel system wes in pavailel For
this sxperizesnt it was decidsd that position senzing
would be vzed. This is more consistent with the
mejority of current operations] aircrafl,

A sat of lateral-divectionsl cheracteristics,
preseptad in Table A2, was selecied for all thres
aircraft models. Primarily, they were chosen o be
good enough a3 to not detrect from the longitudingl
rate limit evaluation.

Elevator Defloction (degd
(=]

wt oz
P %@mﬁ banet

S B

" .
t g

i 2 3 4

Longirudival Stick Doflection (i)

Figure A3 Nenlinesr Stick Conunend Tradient




B

)

Table &1
AIRFRAME PLUS FILTERS
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F(s 120y 2040
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s(s + 45 +2(0.74)A56)s + 4.86° ]

U

s + 1.20)e 00408

sfs? + HOBANSI s + 5172

Table 42
LATERAL-DIRECTIONAL 5YSTEM

g 5 4.9 rad/sec

L806.73

TELS

T 017 ser

R i
Notes: 1.wy - dutch roll Hequency

2. &4 - dutch roll damping ratio
3. ¢/B - phi to beta ratic
4. ¢, »voll mods thne consiant

RATE LIMYTS

The elevator rate limits were initisily
determined using the ground-based simmalaton on de
USAF Test Pllot School (TP5) simulsior. The range
of rate lmits were then verifisd initlally in checlt-out
flights by Calspan and again on the initial flight est
gt Edwards AFB, A full descripiien of the
proceduees used to determine the range of rete mits
is provided i the main pordon of the repert in te
Test Proceduses and Resulis section.

Two headeup display (F0UD) wacking tashs were
utilized tw evaluate the hendling queliies of the
difforery  airereRt  loogitodingl  dynumics  with
different rate Himits, For each of the twe tasks the
pilot wes divested fo keep the “warget” in the
desired/adenuate wacking reticle. The ssme HUD

tusks and displays were stilizod in the NT-324
n-flight simulsor =nd the ground-based Lege
Amplilede Multimods Aevospace Resesrch Sinanlator
(LAMARS). This scetlon deseribes the shape of Loth
the s snd die wacking veticle that sppesred on the
HUD for sach of the two tagks,

mhalegy/Criterp:

During cach test point the pilot was directed o
kesp the target within the desived eriteria whenever
poesible. Coopar-Harper (CH) and PIO ratings were
bazed on the pliot’s evaluation of when he was able
to aain desired sadfor sdequate performsnce. A
coinplete  description  of desived and  sdocuate
performance {3 provided in Appendix I The shape
of the target and the chape of the desired and
adeyeate eriteris ars provided in Figure Ad. I should
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Coninand Bar, TARGET

ADEGUATE Critevia
{26-Millimeier Diasneter)
{estimnaied by the pilot)

Outer Symbol, DESIRED Criteria
{10-Milliraeter Diameter)

Figure A4 HUD Tracking Task Svmbology

be noted that the pilot had to estimae the size of he
sdequite oriteria due o limitatons in the abilily o
reprogrmn the HUD display.

acking Task 1. Discret Task:

The first HUD tacking tagk was an “off-the-
shelf” task used by Calspan. The task had been
previously used in the Navy TPS cusriculum for a
hendling  qualities demonsteation of s  variable
siability aircraft. The task dirscted the target through
discrete sieps and rwups synchironized in pitch and
roll. The nodes for both pitch and voll commands of
ihe target ars listed in Table A3, Figure A5 shows
these comumands plotied versus time,

The command bar on the HUD was then driven
in pitch by Equatien 1. Pitch error was limaited to £3
degrens. This limdt prevented the command bar from
flying ouiside the HUD field of view.

pitch error = 0.86 {pltch.gg = Gnrass + Bua) (1
where:
pitthes > piich convoand (b Figure A5 {(deg)

o o NT 334 pitch angle
WT33A T ops (NT- 33A bk angle)

g

(deg)

i

Oy = wim NT-33A pitch sngle (deg)

The command bar on the HUD was deiven i
roil by Equaton 2. Boll emor was lmiled 1o 270
degrees,

ol epor = .88 {byrass - voll g+ du) (B

where:
nraza = NT-33A roll angle (deg)
tolly = roll command in Figure A5 (deg)
fye = irim NT-33A roll angle (deg)
BUD Vracking Teok 2. Swm-of Sines:

The sum-of-sines task was developed by Heh
Asronautics, Ine., using Bquadon 3. This tagk has
been used in ssveral fixed- end moving-base
sirnulations. Pilot-vehicle dynamic infomnation can
be entrasted from the daia genersted by this tesl,

Table A4 lsts values for the parametsrs i
Equation 3, The sume-cf-sines task was & pitch-cnly
zsk and is shown n Figure AG. A S-second ramp-in
was wsed where the sigoal went from zzro o
full seele. A 1.25-second ramp-out where the signal
weng from full scals to zzro wes used st time aguals

%)

o
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Tabie A3
DISCRETE NODES
Piech Roll  Pitch Roll
Tiroe Command Command Tiue Command Command
{sec) (o) 1 (depy {ge) _ (deg) {deg)
300 0.00 0.00 75.80 24D 1000
0.10 2.00 0.50 75.10 .00 70,00
5,00 2,00 3600 77.50 0.00 70,00
5,50 3.00 30,60 80,00 0.00 20,00
10.00 300 | 6000 80,10 0.00 30.08
10.10 2.00 30.00 82.50 000 30.00
12.50 2.00 20,00 84,00 0.00 30.60
1500 0.53 30.00 87.50 0.00 0,00
17.50 -1.43 -45,00 80,00 0.00 0.00
20.00 -3.00 30,80 90,10 0.00 30,00
22.50 2.00 .15.00 92,50 2,00 30.00
24.00 2,00 .00 42,60 o.00 0.00
25.10 2.00 15.00 95 00 0.00 0.00
27.50 2.00 30,00 95,10 ~1.00 0.00
30.00 0.0 45,00 97.50 =100 0.00
35,00 300 45.00 97.60 100 7000
35,10 2,00 43,50 160,00 1,00 70,00
47.50 -2.00 1,50 102,50 167 | L7000
37,680 _-1.00 &.00 107.50 300 23,30
40.00 -1.00 -36.00 OO | -4 000 |
42.50 -1L.00 <3000 I 11250 =300 000 |
42,60 1.00 30,00 112.50 -1.80 63,00
45.00 300 -30.00 115.00 -1.00 60.00
| _45.10 300 | 000 115,10 300 60.00
52,50 3.00 70.00 117.50 3.00 60.00
55.00 3.00 90,00 117.60 3.00 30,00
£0.00 150 70.00 120,60 3.00 -30.00
65,00 - 0.00 23,30 120.10 2,00 -30.00
| 67.50 0.00 -70.00 122,50 2,00 -30,00
70.00 0.00 -70.00 126.60 1.00 -15.00
70.10 0.00 10,00 127.50 1.00 -15.00 |
92.50 0.00 ~70.00 127.60 0.00 0.00_ |
72,60 200 .70.90 140.00 6.00 0.00
27
. ﬁ ,, _ s _ - -
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Figare 45 Syncheonized Piich and Roll Discrate Tracking Task
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73 seconds, The wsk was designed o provide
continuots  commands, but Hndmtons of de
NT-33A computer roquired fhat the comunand
gignal to e HUD be updsted only four thnes
every osscond. Linswr interpolation  beiwesn
conunend poins was used to smooth the signal,

?7
{E A, stale )
il
whore:
N .
W, = Jr-t (Tadisec) 3
63
Table A4
SUM-OF-SINES PARAMETERS
e = Ni , = o
1 =100 | 2 €. 19947
2 1.00 5 {.49867
3 1.00 9 (.89760
4 Q.50 14 1.39626
5 -3.20 24 23935
& .20 47 4.15879
7 0,08 a0 8.97598

Motes: 1. Ay Amplicuds
2. N, - Natural Frequency Gait
3. . Natural Fregusmsy

TESY ASSHTS

The USAF TFS simulsior was a PC-baged
simalator, masufactured by  High  Plains
Enginesring, Mojave, Californie. It was fixed-base
and portable; designed for use in the classroom.
This simulator was unique in that it was designed
specifically for high-fidelity, handiing guslity
simulations, which demand minimuen added dime
deley, The wial tine delay was the sum of
compuiational delay and video system delgy. For
PIO simulsitions, the compuistional rate was
200 Hez, with video refiesh at 72 Hz, for &
worsi-case tne delay of 18.9 millizecoads.

The coclypsit exponomics were represomiative
of a modern fighter. A mechanical comirol stick
was used which approvimated the pitch axis feel
sysiem dynamies of the Weal-Smith flight tesis
{Referenice 7). Simulations were done using sick
defieerdon to drive the asrodvnamic models.

The sctustor dvaamics and rate limiling
were seleciable How the graphical user imerfuce,
The sctuater model used bad frst order dynamies
with serve-valve zais lwnllng This sesulisd
meressed phese lag of the actustor when rate
lisniting wes encountersd,

— .

&

E?’

%3

&1 \

£ -

i

-3 + -+ =4 + — + e
4 e 20 3 48 iy &0 78 i
Time {sec)
Figare 46 Sumn-of-Sines Task
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The in-flight tewt plaifonm was the USAF
Flight Dynamics Laborgtory NT-334 aireraf,
S/ 514120, The NT-334 aiverali, modified and
opersted by Calspan wder USAF contract se an
in-flight simulator, was an extensively modifisd
Lockheed T-33 jet irminer (Refersnce 8). The
original I-33 nose section was teplaced by an
F-94 nose, providing space for the recording
equipment and the elecirouic components of the
varfable stebility flight conwe! system. The front
seat controls were weplaced by s fullautbority,
fly-by-wive fiight contul systern and a varisble
response astificial feel systemn, The evaluation was
condpeted from the Sons cockph through 8 center
giick aud rudder pedad aangoment. The rear coukpit
comisined the original mechanical flight contol
systesn of e T-33 jet vniner. ‘The rewr coekpit
safety pliot served ag the system opemtor by setiing
up the ressarch exporiments, aslreratt configwations,
ad HOD formats, The NT-334 programumeble
anglog snd Jdigial flight control sysiem allowed the
alrplane (o asstne auy of the pitch Sight control
configurstions (Figures A7 shrough ALD). A fully
programinable HUD complemenied the variable
siability feutures of the NT-33A for cockpit
display, rescarch and evalustion, and allowed the
HUD tracking tasks 3o be displaved,

The WT-33A hed a variable swmbiliy system
{VER) disengagement mechanisin which allowed
the pllot to manually disengage the V3§ by
hands-on theottle and stick, ay required for test or
sufiety, The VES antomatically disengaged when the
perarcters excseded (e eriteria Hsisd in Table AS.
When disengaged, the WT-334 aircralt reverted to
normal T-33 flight dynamics and the safety pilet
ook control of e ainraR, All time-ldstory data
wers pecorded using the onboard Ampex ARTOD
flight data recorder. Im-flight dats parameters,
collection rate, and valid rasuges ave defined in
Appeadix D The HUD video/sudio rsvorder
systein and a sepavwie andic recording sysvem were
uged 1o record pilot comuaents.

Sorttes § and ¥ wers flown with an aerial
refueling probe instslled which wes assumied
not affect the fight chwacteristios of the st
covditivns,

Large Anplitde Motion Anajvsls

ELLEERRAT

The LAMARS was a motion-based, 20-foot
dome with iwo side projeciors, each with a
40.5- by 30-degree field of view (FOV), and a
cenber projector with 2 43- by 30-degres FOV. The
towml POV was 133 degrees without gaps.

Bandwidih
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Trbie AS
WT-4%A VARIABLE STABILITY SYSTERM SAFETY TRIP CRITERA
[ Sefesy Trip Parmetes i Caitenis ,
N o g gdlg
, +0.2% g
computer Stops ouipuiing sunees wave {compier alive signal, teansitions at end
| Digitad Svatom of each frame)
B servo (levator) 3:5-dog arcor botween aciual and cotunand o seeve gapiifier
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8y servo (allaron) | #24-dog exvor between actust end sommend o sarvo smplifer
Netas: 1. N, - longituding) accelesation 4. 8, - aileron deflection
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APPENDIX B

AIRCRAFT MODEL VALIDATION
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AIRCRAFY MODEL VALIDATION

CENERAL

The following medel velidetion results ave
provided in tals appendis.

1. Comperison of Hime-domain pitch regponse
from the NT-33A fight test and MATLAB® 4.2¢
weedictions. Compsrigons me provided for the 2D,
2P, end the 2D girceaft wmodels (See Table AL

2. DPlghe test Degueney wesponss, phuse aud
mageitude, for the airoratt models, 2D, 2P, snd 20U

The fequency respouse was generated with daln
from 40-second meswel lopgimdingd stek swesps.
The flight st fiequency response is compured i &
Lower Crder Boulvelent Systemn (LOES) estimation
for 2ud onder response (Figuses B thwough B4). The
LOES estimation wes gomerated with a modified
MIL-STD-17974 (Roferencs 6) weighiing funciion.
The LOBE 2nd order parameiers (Lo, @ g Tp) e
summseized in the Test and Hvalvetion section of Gis
veport (Tuble %),

5 §
8 ¢
B ¢
& 2
B §
@ §
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Alrcrelt Mi-008 “Yade Pheh Siep
Date Flowm 2767 Fade Linwt Hone
Filet: Bv, Jobwn Bl Pregore Atude: 106,000 & PA
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Aliondh; FT-388 Tasic Frag, Fesponse
Dt Frowey: Z27-MMar&? Frude Ll Nong
Filot: Mr. John Bal Pressurs Alude: (GH00H PA
L Sty Pliot; WMr. Low Knotis Ingioated Velocky: 280 KIAS
2 Frogiseasy Hewpsnse, Bagnituds
20 = ]
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% ,4% BEE
l'y—’g 2
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0
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1580 150D T8 19802
Viguigy {radise] e e A7 s 2 < e
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]
920
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% ° Ty
& 5
0
420
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Rotes: 1. Abromd longicadics] dyranizs for the 200 conBguralion we definsd in Appeadix &.
2. Pl s Guyecssy ferpones was getsraind fese & 40-seoned sl feguemey swasp.
3. The LOES estimetion wes geasmizd with a so@ifies MIL-STR-17974 (Refercacs §) weighting feection.
Figeee B2 Compearison of NT-334 Flight Test Plich Freguacy Responss o Lower Crder
Bouivelen: Systemne (LOBS) Batimation for the 2D Abwraft Model
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APPFENDIX T

NT-33A FLIGHT TEST REBULTS
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NT-33A FLIGHY

CENERAL

This uppendin contains the NT-33A flight test
resulis including dividuel Cooper-Harper (CH} and
PIO ratings, and pilot corments, The rosulis of each
test condition flown are displayed on two pages. The
daia are presented in the order defined i Table C1.

The following isformation is displayed for cach
test condition (Tables €2 through €73 and Pigures
C1 through C36)

1. A swmnmary of the overall evaluation of the
configweadon.  This  summesy coimes  from
postprocess accwmslstion of pilot comnments and
ratings. The Cooper-Hasper ratings (CHRs) are
scparated by a “f|” when the evaluation piiot hes
changed and by & 7" when wdditionsl retings ave
made by the same pilot. For example, 4]3/406°
means that pilot 1 gave it & CHR of 4, while pllot 2
vated it 3 CHR § his first attempt and a CHR 4 for his
second atterapt, Pilot 3 gave the test pol a CHER

43

of . This same logle was used for the PIO rmating a5
well. Finally, the asterisk mesans that z plot of this
specific test puint is shown below,

2. Graphical resulis from w single evaluation
of @ test poini. The time kistory of the pils
Tongiasding! tracking and & histograr of rate limit is
orovided. It was noticed just prior w the release
of this roport that thers was a thae discrepancy.
Hence the dme histories ave off by spproximaely
10 povoent. The Flight Dynamics Divectorate (Flying
Quaities Section} & the point of contaet for all
aorreetions to tme-history data.

3. A catalog of all pilot comments from the
in-flight data. Bvery pilot commeat has been
transisted into these tables. Ajl pilot comments are
orgunized per pilot and flight evalustion. Ouce
agaip, the asterisk denotes that 2 plot of that test
point uppears on the previous page.

Lol

e



P

This page lntentlonsily lef blank,

L

-

FioY



Yebi= i
TEST POINTS PLOWN IN THE NT-334 ;
No. | Tew Conditwn Page | No. Tewi Condinion. . | Puge | & -
1| 2D, 16 degrees per secoud, 46 ) 19 2P, 10 depress per second, 82 o
. biy A 808 , &
2 25, 20 degroas per sccond, é§ 20 2P, 20 degiees per secund, 84
e e ] 808 )
3 255, 30 degross per second, 58 2t 2P, 30 degraes per szound, 86 B ol
DIs _ 808 “
4 2L%, 40 doprees per sseond, 52 2 2P, 40 Gegrees peor second, Bg
| . bis - 508 ‘
5 2D, 80 degrees pav veotnd, 54 23 2B, 50 degress pér second, g
Dig B 808
& 203, 157 degrees per sevond, 36 24 2P, 157 degrees per ssommd, 92 B &
Dis 508
7 2D, 10 degrees per second, 58 23 203U, 25 degrees per second, 94
3GE g
H] 213, 20 degress per second, 60 8 2L, 3G degrees per second, 96
208 o DI
g 2D, 30 degreos por sevond, &2 27 2DU, 40 degrees per second, 58 B &
848 faity
18 2D, 40 degroes per sevend, 64 28 21U, 50 degress per second, 100
S0OS jritc]
11 2D, 50 degrees par sesond, &6 25 20U, 60 degress per sseond, 102
508 0is A
12 21, 157 degreos per second, 68 30 | 20U, 157 degrees per second, 104 B @ =
808 DI
13 2P, 10 degrees per ssvond, 70 31 2D, 20 degroes per second, 1t
B Dis 808 1
14 78, 26 degrees por second, 72 32 20U, 30 degress per seennd, 108
Dis 508 R ;
13| 2P, 30 degrees per second, | 74§ 33 | 2L, 40 degrees per second, | 110 B @
D18 8085 -
16 22, 40 deprees pet secoud, 76 34 | 2D, 50 degress per second, 112
DS 508
17 2P, 50 degrees per second, 78 35 | 2DU, 60 degrees per second, | 114
IS 508 . N
18 2P, 157 degroes per second, £0 36 | 2DV, 157 degyess per second, 116 w W
‘ - DIs .Y
Plotes: 1. D& - disorets task
2. 808 - sumeni-sines tagk
i
B @
|
|
435
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Table €2
SUMMARY 2B, BATE LIMIT OF 10 DEGREES PER SECOMD, DISCRETE TASK

[ Airceafl Contigurasion: 200 T Riate Limic 10 degyass per socond Tracking Tesk: Disereio

Coupes-Flmpor Ratings: 554 § 6° [ P10 Ranings: 3 § 3/2 § 3

Both tee inkial end steady-staie vepate ware raled siow 5 responsive. The alwrak was considersd prediciabls
for mom of the sk, but the pllots noticed overalionts when the input was large duwing the gross acenisitivn, All
evaluations sgreed the gross sogmisition was difficult wih thiz configuration. However, the airgyvafl response was
such thut e fue wecking abilily was not objectionsble. Each evalustion schioved the desived performance
critezin of keopling the target withis e 10-mile reticle. The control harmony was noted {0 be worse &t higher g

fine waeling but moderste for grows scquisitdon. The pifor weekdoad was tolerble I dives vut of the four
evalugdons. In oll four cvatuations of this configwstion, no PIOs reaulted. Overll comments from the pilotl
were this configuration tacks well but in gress scquisiion where the gt mokes o siep input, objectionable
small cselilations about ¢he target developed. This was considered 2 Level 2 alreraft which produses vadesivalile
wotios mpmmmg sk pesformance.

2ad two svelustions considered s atrerafl to have poor contve! hanmeny. Pilot compansaion was minimal for §

Y e SR R s
Notas: 1. The oeder of ratings s Pilot 1 Bilot 2 | PHot 3.

3. An %" indicates test poizsf{ iﬂasiﬁzd in E-‘Eguﬂ,
2. AYP separates multiple retings by the same pilot,

Eleiain Wi-a3h
Date Flown: 18-Apr-87
Pliat: Pliat 3
Gonfiguration: 20

THoR: BTG
Rate Limit 10 degizes
Progsure Altiiudo: 19,000 & PA
tadicsted Valocly: 250 KIAS

Longltugingl Target Trasking %ﬁ'@mana&

B o

&

............ R o SO
...-l.._.,r_,,!_.l.......[w‘ﬁ.lv,

‘;f:“‘i“*mg%g;« L
‘s’.ue

Fhich Cowmwens) {Saah
LN Y

[ UG QD VAW U Sy VU OO e i me -
4 ; [ A [
- b 1 t ' 5 ] i + 1
-8 . . i
8 10 26 30 4 50 ] 70 £ 38 168 186 520
Thiie {so6s) Target Traek
,,,,,, Pl Trash
Elovator Rake Limniting; 20, DI8, 16 degises
168
5¢ 4
g 30 @
S
a ¥l 4
f L)
29 |
r} ¢ 0 o 2 o o ¢ 0 8 #
0 it } ! . )
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Figurs T Representatve Flight Test Reselt 2D, Rete Linit of 10 Begrees Per Second, Discrste Task, Pilot 3
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2 3

BT COMMENTE FOR 2D, RATE LIMIT OF 10 DECGREEI PER sﬁerm EI‘?C}{ETE TASK

i Aivereft Conflzurasion: S

1 Rate Limit: 1@ degrees pay prer)

Piiot - 5@’!‘&3{5} Pilot 1- 4 Pilog 2 - 517 Pﬂm 3.6
Coaper-Harper Regings 3 54 &
FIO Ratlugs 3 N 37 3
) AIRCRAFT
Igiial Reoponee Slow (o regpaasive Siﬁ‘ﬁ/ﬁﬁhﬁs&e Responsive
Htemdy-Stute Respouse Regpongive Slow/Slow Slov
Prediciabls Yas " Yes during fine tracking | No (wo-thinds of the time
&ad no during gross overshoots orouyed)
B seauisition’Yeg
Gross Acguisition Thitoul: (gh gaio &ud | DifnculvEagy for small Difficule
lerge ampliteda) acquisition
Diffieult for large
sequisition
Fine Trackiog Dosired Dresired/Lesied Dissived
BILOT INTERFACE .
~Control Harmony Good (worse 5t high) Poor i pontiio0n Poar
Stick Forees  hdedium M@aﬁxmaﬁvi%dmm High
Corspensation Minimat (Fine Tracking) | Coosidersble/ Moderaze
Moderate (Gross Mosily inimal,
Actpuisition) Moderate {for Gross
Aeauicition)
Workloed Tokeabla Tolerable/ Toiesbie
Minimal to rolerable
Whs there & PIOG? o Nu/iio Mo
Easily Induced? Mo . Moo Bg
COVIRENTS
Good Chavacteristics | Wice e track with small | Tracks well under g, Noge.
bobbley. Good feeling acquisition sood uoder
aleplene, puositive-g/MNo oscilletions
uader acking low aad
high g, reverses well, no
great pitcheap, unloads
wall during reverse
Bagd Crarscteristics Constan annoying piich Siaall oscillations sbout Yajtial response springy,
osecillations. Aggressive target, sluggish steady steady-stale response slow
capture lod to fairly large | siste, predicibillly poor, | The configuration does aet
OVETSHROS. shuggish 10 respond to allow the pilot to ek
negative-g, desigble high gain because of slow
performanes eriterin steady-sisie response. Two
achieved i gross to thres escillations tend w
acquisition was develop duving gross
shjsctionsble/Laige aceulsition.
overshoot with gross
scouisition, slow response
16 negative-g acquisition,
sluggish steady-state
FESDOnSE
Netes: 1. A"/ separstes multiple ratings by the same pilol.
2. A indicates sl point plotied in Figure CL.
47
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Tabie ©4 ’ @
SUMMARY 2D, RATE LIMIT OF 20 DEGREES PER SECOND, DISCRETE TASK B
W Configuration: 413 { Rae Limit; 20 4 degrees per second gecond ﬁmf_km : Tagkc: Discraty
Coopar-ilper Ratings: 2°] 312 ) { PIO Ratlags: 7° 2 gv:z"""’"ﬁ
‘ @W@‘f@ﬁ 3 Bveluation This ﬁuﬂﬁgwm@u had respopsive ficinl s SBaty-wHete resposs. The aiorals was

predictuble makisg the gross acquisition task easy. Al three evaluation pliots were able
o schieve the desired perfonmsncs oriierle, The control harmony wes good with B
medivm stick forces. The pilot compensation and workload wers vated minknal by two '

of the thvee pilots. Io slf duwee evalustions, so PIOs cccumed. Some pilot commenis
fnclude: “very nivs Qying oirplane,” “lracks well dwing rovesssl” “precise wackes,”
“listhe slugpish dudng aogative-y scouisidous” and “gmall ovorshosis (hobbles) of
wget duving lsege stepe and under g This wes considered o Level 1 sirovaft wits ne

t&ﬁm&@@}’ gy PR,

Notes: 1. mﬁrd@mfmgs i Pllot © § Pilot 2 gﬁi@?fﬁ
2. An “* indicates tont polnt ploted iy Figure C2.
ANEHE NT-234 Toagk eS|
Diate Flyan: 19-Apr-97 Rats Limit 20 degfuse B
Pilat: Pliot 1 Prgeure Altitude: 10,000 7t PA
Contigumilen: 20 indicated Velogity: 250 KIAS
s Langitudingt 7@?@@’& Trecling Porformuncs
L b 8
B
Elovator Rute Limltng; 20, D8, 20 doglees B
160
50 |
g@ﬁ 1 &
B
290 4 D
4
2 r“g 9 s 1
o L | 7 ™ = [ ] & ) o ] o ¢ 9
&8 &0 B8 9838 2% 2838 3628 8545 2 485 BOEE #E80 P
Piah Ade Elovesor Rem
8
Figare C2 Representative Flight Test Resals 20, Raie Limi of 20 Dogrees Per Sscond, Dissvets Task, Pilot §
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. Table €5
BILOT COMMENTS FOR 2D, RATE LIMIT OF 20 DEGREES PER SECOND, DISTRETE TASK

Aimréﬁ Configuration: 7D

T Rete Limit: 20 dogy

per secomd [ Tracking Tasle: Discrate

— Filot - Sortic(s) Plige 1 - 1% Pilot2 -3 Filot 3 - 3
" Cooper-Hiarper Ratings 2 3 2
. AIBCRAYFT
Initial Fesnonse Responsive Responsive Responsive
Steady-Stule Regponse Remponsive Respoasive Responsive
Pradicisble Yes Yes Yes
Or0s2 Aequisition Baey | Eagy Basy
Fine Tracking Desived (“Outsianding™ | " Desired Desived
7 ] PULOY INTERFACE
Conire! Hurmony Good Cood Geod
Stick Forces Madirn Fednusn Modiam (15 1h)
Compensstion Modezais Moderate _ Moderate
Workioad Mininial Minimal Tolerable to minimum
Was there & PIOY No No No
Easily Induced? No o Nao
, CoOMMENTS
Good Chavscteristics Very nice flviag sirplane | Quick nitial rosponse, Good airrafl response,
gross scquisition good, Easy to gross and fine
wvershoots within desired | track, recise tracker
criteria, tracks well during
5 reversal
" Bad Characteristics Mone. Small pitch bobble about | Two small overshoots of
tagget for low g, linle the target during large
sluggish during negative-g | steps and under g
acquisition
Wote: Anr **” mdicatss test point plotied n Figure C2,
45
& @ @ G = & &

-

o




&
Table OF R
SERAMARY 20, BATE LIMIT OF 30 DEGREES PER SECOND, DISCRETE TASK %
Alresali Configuration: D £ Rave Limsit: 30 degrees per speomd 1 ‘Tracking Task: Bﬁm‘@ &
Cospeiliaspes Ratings: 212°) 1 , FIO Ratiags: 21 1%01 @
Overall Evalustion This eonfigwation had responsive widal snd steady-siote response. The siverall was 2
predicisble meldng the grogs soguisition tusk eusy. Al three evaluniion pilos were able
to achieve the desbed performance crlteria. The contnl hermoeny was good with
medivig stick forees. The pilot compensetion md worklosd were rated minimel. In g% B
thires evaluations, ne PIOs ooeurred. Some pilet comments nclude: “nice uivplans,” “uo
toideney to oscillate about the target,” “plich caplires suey,” “predivisble,” “very good
_ tracker.” This was considered s Level | sirera® with no teadency for PIO.
Hotes: {. The order of varings is Pilee 1 [ Pliot 2 § Plioe 3.
2. An " indicatss text point plotted in Figues 3.
7]
ARG NT-aah e, iAo
Date Flown: 16-AprB7 Rate Limit 30 deglase
Pilet: Pilat 2 Prossure Altfiude: 10,000 R PA
Configuration: 2D indicated Velocity: 250 KIAS
s Leagidina! Yargst Tracking Performance
2
g2 B @
]
i
8
Timo {8eco} Tape Track
------ PEot Track @
w Elevator Rate Limiting; 20, DI, 30 dogfese
i
66 |
&84 _
goo e
zé
e 48 4
% | ' ,
& 2 & 2
a H L £y pa— -1. e 3 N ° ° ° N ¢ e o] @
f) 219 W-is 838 ER 2538 238 BEAR 4343 43488 045 B0 »#2 R
Bl A EAsvator Rnky
Figure C3 Represemtative Flight Test Rewult 2D, Rate Limit of 50 Degress Per Senond, Distrets Task, Pllot 2
&
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Table C7
PELOT COMBIENTS FOR 2D, RATE LIBGIT OF 30 DEGREES PER SECOND, DISCRETE TASK
P‘Aﬁmﬁaﬁi Contigusetion: 20 { Rats Limit: 30 degroes pey second | Tracking Task: Uiserste &
“Pilot - Sore(s) Filot 1 -0 Tl 2 - 7 1 Blota- ¢
 _ Cooper-Hurper Ratings 4 2 1
PIO Ratngs 2 1 1 i
AIRCRAYFT
Initial Resvonge Respongive Rezponsive Responsive B
Stesdy-Staie Response Responsive Respongive Respoasive
Predictable Yes Yes Yes
Cirogs Acguisiion Eagy Easy _ Easy
Fine Tracking Degired | Desired criteria achieved _Desired
T ] FLLOYWIRRGACE
Control Harmony Goud Good o Excellent Good B
Stick Forees Low Medigen Medium
Compensstion Minimal Rinimal hiinimal
Workdoad Mmimal Minimal Minimal
Was there a PLO? No No No
Faaily Induced? No Mo Ne
COMMENTS T 7 9
Good Charscieristios Open-loop was good Nice airplane, no tendency | Pleasantly quick initial ang
feeling airplane to oscillate about the sicady-siale response,
warget, negative-g piich prediciable, very good
cuptures sasy, control wacker
hanmony good, good ~
reversals &
Bad Charecteristics Control harmony problem | Noge One pitch saie oscillation
waz noticeable but not oo under g (aot
ebiectionable objectionable)
Note:  An “*” indicaies test point plotied in Figure C3.
2
&
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Tabie C8
SUMMARY 2D, RATE LIMIT OF 40 DECREES PER SECCND, DISCRETE TASK

T Fracking Task: Direrets

Aircralt Configumtion: 20 § Rate Limit: 40 degress ner second
2

Coups-Harper Ratings: 3 | 592047 / 1 PO Ruiings: 2 | 3%/12] 172

Overall Evaluation The initial and stendy-state response were roted a5 responsive five owl of six
gvaluations. The eiroealt was predicable making the gross ecquisition tegk easy. The
piletz were able to achisve the desived performance criteria during fine wasking. The
coutrol harmony was good with medium stick forees. The pilot compensation wes
minimal to modesate, and the workload was minkmal & toleralle. In all six ovalugtions,
no PI0s occurred. Some pilot comments include: “Solid, comioriable feel,” “it dossn’t
surprise pilot,” “excellent initial capture,” “control hormony ncregsed some workload
roiling owt of elevated-g vask,” “springy end abrupt ... reguiring extensive
sompensation with gross acquisition.” This sircrafl wes e bosder Hne Lave! 1/level 2
airplane with no tendency to develop PIO.

Notes: 1. The ovder of ratings s Pilot 1 § Pilot2 | Bilot 3, 3. An " indicetes test point ploted n Figure C4.
2. A Y separates multiple ratings by the sume pilot,

Alrcrall NT-39A
Rate Flown: 14-Apr-87
Pilol, Pilot 2
Configuration: 20

Tauk: DiacTete
Rute Limit: 40 deg/sec

Preagure Altituge: 10,0008 PA

Indicated Velosily: 250 KIAS

ko

L4

»

nnnnnnnnnn

PRty Comind flug)

Tima [5808) Varge Track
N L]

100 Elevator Rete Limiting; 2D, DI, 40 degizes

a0
@
% 6@
£ 40 3%

#1 s
i W E [ - : i 3 e 5 0 ¢ 2 i
o R N o O e T S e WO
&3 519 61 1628 0.2% 380 32 W40 L 43-80 088 P 3]
P Asls Elavelor R

Figure ©4 Represestasive Flight Test Result 2D, Rate Limit of 40 Degrees Per Sesond, Discrate Task, Pilot 2
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Table C9
PILOT COMMENTS FOR 2D, RATE LIMIT OF 40 DEGREES PER SECOND, DISCRETE TASK
! Adrerall i:mﬁgmﬁ@n: is] Rato Limit: 40 degress por second | Tracking Tasi: Discrete e
Pilst - Sortiels) ot 1 -1 ' Pilat 2 - 2%/577 __ Filoti-36 -
Coopar-Hasper Ratings | 3 (due i barmony issus) 51374 172 ] @)
PIO Ratings 2 B 3172 12
” AIRCRAFT
; fnitial Response Responsive Respongive/Responsive/ Responsive/Responsive | B
Fasl
Sieady-State Response Responsive Respuasive/Responsive/ Responsive/Raspornsive
Responsive
Predictable __ Yes Yes/Yeu/'Ves Yea/Ves
Crogs Acguisiion Easy Easy/Basy/Basy for amall Easy/Basy
q acquisiton, diffieult with large B
asquisition
Fine Tracking Desired Adecuate/Desired/Desired Desired/Dagived
PILOT IMTERFACE
Control Hamony Good at slzvated-g, Good/Good/Good Good/Good
A excellent 3t low-g !
3 Stigk Foroes ~ Medium Mediur/Medium/Medium Medium/Medium B
Compensation Minimel Moderate/Minimal/ Minimal/Moderats
, Minimal io moderate
Vorkicad Minimal Tolerable/Minimal/ Tolerable/Tolerabis
Minimal to tolerable
Was there & PIO? No No/No/No Mo/Mo
& Easily Induced? Ne b NomoMs Me/No & @
COMMENTS
Geod Characteristics | Solid, comfortable feel, Gross soquisition good, mild | Very good configuration,
exeelient initial capture oscillations when stabilizing to | it docon’t swuprise the
fine tracking, compromises pilot. Tracking could be
performance/Nice aliplans, dons confidently/
4 frucks well under §, no Tracking is good e
oscillgtions sbout target,
predictable, minimal
compensation/™o oscillations
shout target during tracking
Bad Characteristics Control harmony problem | Bobble in pitch, small Mone/Two email
é increased workloud oscillations about target when | oscillations during b
rolling out of elevated-g | not under g, difficuli to aggressive big pulls and
tasie stebilize on target/Small pitch | g's, no PIO bug
up with reversal under g, stick | undesirsble motions
feels fittle heavy with gross occurred
acquizition and extensive
é rucking/Mose-up with B
‘ reversal, springy and sbrupt
with inputs, lintle jurapy
extensive compensation with
| gross aequisition
Motes: 1. A™/ separates multiple retings by the sama pilot. o
€ 2. An**™ indicures teat point ploted in Figurs T4, v
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Tabio C1D
SURMARY 21, RATE LIMIT OF 50 DEGREES PER SECOND;, DISCRETE TASK

Alrerat Configaation: 20 ¥ Rate Limit: 30 degress per second | Trecking Task: Disorets

Cooper-Harper Ratings: 412 ]4°

T PIO Reatings: 21§27

Overall Evaluation The initial and steady-state responae were rated as responsive in cach evaluation. The
sireradt was predicisble meking the gross acquisition task easy. The pllots were able to
achieve the desived performanie critenia during fine wacking. The control harmony was
good with medium stick forces and one pilot noticed the forees lightened at elevated g,
The pilot compensation was minlmal to modevete, and the worldoad was minimal to
tolerable. In all thres evaluations, no Bi0s occwred. Some pilot comments include:
“good feeling airplane - solid,” “ageressiveness does not inflnence task performance,”
“owo to three overshools (during gross scquisition),” and “aanoying sdek force
gradient.” This aireraft was a border line Level 1/Level 2 airplane with 1o tendency w
devalop PLO,

“Notes: 1. The order of ratings is Pilot 1 || Bilot 2 | Piot 3,

2. An “* indicates test point plorted in Figure 03,

“RTEa NT-8ER Taae: (scisie
Date Flown: 14-Apr-87 Rale Limit 80 deg/sec
Pllet Plist 3 Presaure Altlude: 10.600 7t PA
Conflguration: 2D Indicated Veloghty: 260 KIAE

[ 0 20 ] 40 80 80 0 80 80 100 110 120

Tivg {9o0g) | Taget Trak
------ PR Track J

Elevator Rate Limiting; 20, IS, 80 Jdaglses

100
0
gao |
E a3
B
40|
22
20 ~ 3
l I = ; 4 2 2 1 1 1 1 0 H
i) | f ‘ g i I~ = pee= e
(4] ES1) 1013 420 2528 330 4043 4S50 8088 pEch] »80

8028 3E-46
Pitch Anly Elevater Rats

Pigurs C5 Representative Flight Test Result 20, Rate Limis of 50 Deogrees Per Second, Disorete Task, Pilet 3
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Table C11
PILOT COMMENTS FOR 2D, RATE LIMIT OF 50 DEGREES PER SECOND, DISCRETE TASK

Alreraft Configuration: 2D i

§ Rate Limit: 50 degrees per second | Tracking

) .—-EF' e
r Tazk: Discrete

solid

minimal compengation, no
tendsncy o oscillate, very
predictable, grosy
acquisition was good,
good tracking under g, no
pitch oseillations, rells
good under g, minimal
compensation for back
gtick

Pilot -Sortiels) Pilgt 1 - 1 Pilot2-2 Pllot 2 - 3%
Cooper-Harper Ratings 4 {due to Torce gradient; P 4
close o 3)
PIO Ratings 2 1 2
, - AIRCRAFT i
Initial Kesponse Responsive Responsive Responsive
Steady-State Response Responsive Responsive Responsive
Fredictable Y Yes Yes
Gross Acguisition Easy (one overshooi) Easy Eagy
Fine 1racking Desired [ Desired Desired
FILOT INTERFACE, j
~ TControl Harmony Good for greater than 1.5 Good Good
]
_ Excellent for 1.5 g's
Stick Forces Low at high-g ~ Medium Medium
Compensation Minimal at high-g Minimal Moderate
Workload Minimal Minimal to Tolerable Tolerable
Was there 8 PIO7 No No No
Easily Induced? No o Mo
' COMMENTS
Guood Characteristics Good feeling airplane ~ Really nice airplane, Aggressiveness does not

influgnce task
pesfunmancs, pratty good
tracker

Bad Characteristics

Conirel harmmony is &
oroblem, mansuvering
arpund F, break peint is
annoying, compensation
was generally In response

One 10 two stop short of
target with gross
acquisition, compensation
required with progression
in task

Two to three overshoots

to F, gradient

Note:  An “*” indicates test point plotted in Figure C5,

0
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Table C12 A
SUMBLARY 20, RATE LIMET OF 157 DEGREES PER SECOND, DISCRETE TASK ' @
8 Alreraft Qauf}gmﬁan: 25 ! Rate Limit; 15‘:’ Gegrees per second | Tracking Task: Discreto e
Cooper-Harper Retings: 2}-]4° 7 IO Raungs: 20-]2° &)
COverall Bvaluation The inidal msparma was respcmw& but the steady-state royoomse was fast nmkmg the
aireraft a linle “Jerky.” The aircta®t was predictable making the gross acquisition task
easy. The pilets wars able to achizve desived performance eriteria, The contvsl harmony
was good with medium stick fores. The pilot compensation was moderste and workload B
8 tolerable. In the two evaluations, no PIO occurred. Pilot comment ineluded: “pitch rate
oscilistions were guick and surprisiag - minor but awnoying deficiency.” This airevaft
confipuration was rated as Level  airplane with no tendency to P10
. Lp S
Motes: 1. The order of ratings is Pilot { ﬁ'?*xlm 2 | Filot3. 3. A - mdicates 1o fating was given,
2. An **" indicates test poim plottad in Figure C6.
4 B
[T T AR WA, Task Uidats
Date Flown:, 22-Apr87 Rate Limit 157 degfsec
Pitot: Pifat 3 Prasaurs Aftitude: 10,000 1t PA
Conitguration: 20 Indicated Velogly: 250 KIAS
g B
Lengituding! Tanget ?ﬁi@%&ﬁ Porermance
8
:g &
2 4.
E
8 § 2 i &
g -4
& 4
¥
F <]
Elevator Rate Limiling; 2D, DI8, 167 deglses
100
&6
@ B
g eo
£
% )
® {_] & e
a 2 1 i 1 s 2 b
{‘; 4] l X r-_‘i D LSO, TR, AT = ° ? c ° Bl
(2] 210 15:15 1830 228 di30 2033 3540 4043 2244 2813 5540 &
Fiteh Axle Blevator Rate
Figure C6 Represeniative Flight Test Result 21, Rate Limit of 157 Degrees Per Second, Discrete Task, Pilot 3 8
g
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Table Ci3

FILOT COMMENTS FOR 2D, RATE LIMIT OF 157 DECREES PER SECOND, DISCRETE TASK

Alrcratt Caﬁﬁgumﬁcn: 20

T Rate Limit, 180 degrecs per second | Tracking Task: Discrets

Pllot- Sortie(s) Piles 1 - 9 Pilot 2 - Not Fiown Piiot § - §°
— Cooper-Harper Ratings 2 Mot Flown 4
P10 Ratings 2 Wot Flown 2
7 AIRCRAFT 7
Initial Response Responsive (very gond) WA Responsive
Steady-State Rogponse Respousive WA Fast
Predictable Yes (one of the best) WA Yes
Gross Acguisition Hasy WA Easy
Fine Tracking Desired NIA Desired
- PILOTINTERFACE
Conteal Hevaony Good (heavy stick at WA Good
Stiek Foress Mediumn NiA Medium
Compensation Minimal WA Modlerate
Workload Minimal N/A Tolerble
Was there g FIO7 Mo WA Ne
Basily Induced? Mo B No
COMMENTS
Good Characteristics | One of the best WA None
contigurations so far,
Bad Characteristies Only mild unpleasaniness HN/A One big pulls under g,
dus to contrel barmony. pitch rate sseillations (2 o
3) that wers quick and
surprising (miner bug
ammoying defiviencies}

Notes: [, An“*” indicates test point plotied in Figure C6.

2. N/A - not appliceble,

i

-3

Ej

&




Table Cl4
SUMBARY ZD, RATE LIMIT OF 10 DECGREBES FER SBCOND, SUM-OF-STNES TASK
Adrorah Configuration: 20 ‘ ] Raie Limir; 10 degrees per second | ‘?zmking Task: Sum-of-Siney B
Cooper-Harper Ratings: S{5¢ 17 [ PIO Ratings: 3[3%14 ] A
Overall Bvaloation The aitiel and steady-siate response was considered slow o responsive, Oune pilot felt @

the slow responsiveness of the airciaft made it wopredictable and the gross aequisition
tasgle difffeult. One pilot felt the gross soquisition of small input waz easy while the
larger inputs made the tagk diffiesit. The stick forces were considerad medium to high
The pilot compensation was moderats to considerable and the workioad ranged from
tolerable to slighter intolerable. One pilot feli 2 small bounded PIO was sasy to induce
but can be eliminated by reducing pilot gain. This compensetion mads the tucking task
difficult. The other two pilots did not encounter PIO, but felt small bobble about the
targei rwaking the wecking difficult achieving only adeguate performance. Some piiot
comments nclude: “This sircraft was rated as Level 2 bordering Level 3 with tendency ®
for vadesirable motions compramising performnanne vask.”

WNotes: 1. The order of vatings is Pilot § | Pilet 2 § Pilot 3.

2. An“¥ indicates tesi polnt ploted in Figare £7,

B

T B N T BR ) Task: SUm-olBInes |
Dt Flown, 16-Aps-97 Raie Limit: 10 degless &
Pilot Fliat 2 Prasgure Alttude: 10,000 % PA
Configuration: 2D indicated Valocity: 250 KIAE
s LONGITUDINAL TARGET TRASKING PERFORMANGE
S Rt S S SRR A SRSt S AREECEEETEREEEEEE B &
}}! Ty A
% s SO
§ T B S
mem e R, B
160 110 120
Time {gees) !__ww;?mmﬁ
! ﬂﬂﬂﬂﬂﬂ Plist Trask
100 Elovater Rats Limiing; 20, 508, 10 degissc ¥
a0 .
g &0 4 48
& .
e N R D
26 J }ﬁ] 13 s
. J I—l o & o o o 0 o o 0 ™
-3 $-9% 1858 188 Elors] &30 8853 254G oty 4330 5028 §5-60 by 1
Fliab iz Blovater Rate
o)

Figure O7 Represemiative Flight Tsst Resubt 280, Rate Limit of 10 Degrees Por Second, Sum-of-Sines Task, Pilot 2
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Table C13
PILOT COMMENTS FOR 20, RATE LIMIT OF 10 DECREES PER SECOND, SUM-OF-SINES TASK
Alircraft an@;gﬁaﬁ: 70 1 Rate Limit: 10 degrees per second } Tracking Task: Sum-of-Sines ' 4
Pllot - Gortie(s) pilot 1 - 9 Pilot2 - 7* ) Pilot3- 2 o
Coopar-Huper Ratigs 5 s i & |
M0 Ratings 3 3 4 E
ATRCRAFT !
Initia] Response  Slow Responsive Alow B @
Standy-Siate Response Slow+ Respousive Slow :
Predicuble No Ves No i
Gross Acquisition Difficult Fasy (small) Diffteult 3
Difficult (large) i
Fine Tracking Degived Adeguate N/A _i
, PILOT INTERFACE B =
Control Basmony WA W/A WA ‘
Stick Forces High Medium Mediun to high
Compensation Minimal (for Fine Tracking) Moderate Moderate 1o considerabls
Moderate + (for Goss
Acquisition)
Workload Minimal (for Fine Tracking) Tolerable Tolerable 1o intolerable g &
Tolerable (for Gross
Acquisition)
Wes there a PIOT o No Ves
Easily Induced? No No Yes
COMMENTS )
Good Characieristics | None. NiA o None. 4 @
Bad Characieristios | Feavy siick, slow response, | Difficult to stop on target. | Slow initial and
led o significant overshoot. | Small bobble about tarpes, | steady-stabe responss,
senall boundsd FIO
eliminated by lowering
pilot gains, hard to track ;
e , the target. ] @
Motes: 1. An**” indicates test point plotted in Figurs C7. N
2. N/A < not applicable,
& B
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Table C15
SUMMARY 2D, RATE LIMIT OF 20 DEGREES PER SECOND, SUM-OF-SINES TASK

Aiveraft Couli; g_umaﬁ jria) § Rate Limit: 20 dogress per sseond ?rackMg Tusk: Sum-of-Sines & &
Coopar-Harper Hatings: 4]53§3% PIO Ratingy: 28282* -
Qverall Bvalustion The mitial ) Mpensa was vesponsive and the sieady-state FeSPOnSe Was responsive 1o two @
pilois and fast 1o one pilot. Overall the aiverafl was predictable making gross scquisition
tuake casy snd dhe pilots were able to achisve the desived parformance oriterie. The stick
forees were low to medium, One pliot noted the compensation was minimal for

@
schieving adequate coriteria but moderste for achieving the desired critera 8 4
The wotkload was minimal io tolessble, The three evalvations produced no PIO. Some
pilot comements nclude: “flyable sirersft,” “good gross sequisition,” “tiny escilladon
withizn the desired orteria,” “overall configuration gives the pilot good confidence and
tracking,” and “mildly oversensitive driving overshoots (bobbles) during the initial
capiure.” This abverafl was rated border Level Ulevel 2 flving qualitiss airplane with o g
N tendency for small usdesirable motions which do not affect the tasl performance. e
Motes: 1. The order of raiings is Piot | | Pilot 2 | Filot 3.
2. An “®” indicares tast point plotted in Figure 8
Alraraft NT-33A TEEK SUM-0l-Sies B P
Date Flown: 16-Apr-§7 Rate Limit: 20 deg/sec
Pilat; PHot 3 Praaguns Allitude: 18,000 1 PA
Configuration: 20 indicated Velodity: 280 KIAS
o Piteh Twmeking Command and Glosed-Loop Responge
a ' 5 ©
i
B
8
5 -
£ B &
Timo (éaw} I Fargon Track 1
‘! ...... Filst Track
Elavator Hate Limiting; 40, $08, 20 degigec & i
180 '
80 |
2a0
Cay ]
s .
& 2
fﬂmﬁloaaa S
520 F{STH 1520 A9 B8 poR] 1540 &nay 4538 555 80 kS o]
Pizh fuie RBlovainr Rets B @

Figure C8 Representative Flight Test Result 2D, Rate Limit of 20 Diegrees Per Scoond, Sum-of-Sines Task, Rilot 3
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Table 17
PILOT COMMENTS FOR 210, RATE LIMIT OF 26 DEGREES PER SECOND, SUM-OF-SINES TASK

Adreraft Configuration; 2D

’ _{ Rate Limit: 20 degruss por second _§ Tracking Task: Sum-oi-Sines

2. N/A - notapplieable.

61

[ Pilot- Sortie(s) Pllot 1 -1 Pllot2-2 Pilot3 - 6%
Cooper-Harper Ratings 4 3 3
P10 Ratings 3 2 2
T AIRCRAFT ]
Initial Response Respansive Responsive Responsive
Sieady-Slate Response Fast Responsive Responsive
Pradictable Ves Yex Ves
Gross Acquisition Easy Eagy Eagy
Fine Tracking Disired Desived Desived
PILOT INTERFALCE
Control Haroiony WA N A NA
Siick Forees ~ Low Madium Medium
Compensation Minimal {adeguaie) Moderste Moderaie
Moderate (desivad)
Waorkload Minimal Tolerable Tolerabie
Was there g PIO? Mo Neo No
Hasily Induged? Ng No No
COMRMENTS
Good Characteristics Flyable aircrall and one o | Oross acquisition good, Gverall configuration
two overshoots adequats. | Tracking stable. Tiny gives the pilot goud
oseillations within desired | confidence and wacking.
eriteria.

Bad Characteristics Mildly oversensitive Emall bobble about wyget, | Two to three cvershoots
drives one to two did not affect wracking. about the target when it
overshoots In injial Satisfactory without Jumips quickly (nildly
capture. Mavbe slightly improvement. unpleasant deficiency).

‘ low gtick forces, N
Notes: 1. An**" indicates test point plotied in Figure C8,

wy
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Table C1§
SUMBMARY 2D, RATE LUMIT OF 30 DEGREES PER SECOND, SUM-OF-STNES TASK
Alreraft Configuation: 20 i Rate Lizx;iﬁ 30 degrecs pox sacond | Tracking Task: ‘Sum-oi-Bines - &
ﬂém-ﬁmw Batings: 4 § 425 | PIO R_zgg;sgs BEAL %)
{verall Evaluadon The inital and steady-siate vesponse of this sireralt was rezp@nszve The sircrady was _ @'}
predictable making the woss acquisition wsk relatively susy. The pllots were able to
schieve desired performance eviteris. The stiek forces wers wedivm. The compensativn
was minimal for flne trucking but moderate for gross acquisition. The worklosd was B
minimal to twlerable. The four evaluations produced no PIC. Some pilet comments
include: “geod airplane,” “negative and positive acquisition was good,” “very good
wacker inscositive to pilov pains and aggressivoness,” “over-sensitivity in pitch
generates 1-to-2 overshoots during gross acquisition.” This atvoraft was rated as Level }
with the endesey for small bobbling sbant the target.
s&::gmm‘%
Notes: 1. Tae order of vatings is Pilot 1 § Pllot 2 [ Pilot 3. 3. An ™™ indicates test point plowed in Figure €8, B
2. AY sepmrates multiple milngs by the same pilsr.
RN T ~gak Task Surm-o-Sines
Dais Flown: 15-Apr-87 Rate Limit 30 den/sec
Filot: Pilot 2 Pressure Allitude: 10,000 ft PA
Configuration: 2D indicated Velocily: 250 KIAS B
Longhu~inal Tanget Treekdng Porfomnancs
8
-l
‘;i 4 & = ‘
g 2
g ¢]
8.2
E 4.
£
-3 5 - a f
6 10 20 36 40 &0 &0 76 86 80 k1] 140 20
Tims {s2es) { Targ@ Trck '
i ------ Bt Track
Elevater Rate Limiting; 20, 808, 30 deylses
100 2 &
85
¥ 4 »
E%? 50
o 40 )
#® ° i B .
§8
20 4 2 ¢ .
. 3 & 2 5
o Lf m J‘“] 3 = = ° o ° e ¢ e
&5 540 @15 1523 225 2830 3% 53480 045 S35 853 B30 >
Pliah Atke Elaveror Rizs
J ]

Figwwe C9 Representative Flight Test Result 210, Rate Limit of 30 Degrees Per Second, Sum-of-Sinss Task, Pilot 2




Table C1%
PHLOT COMMENTS FOR 2D, RATE LIMIT OF 30 DEGRIEES PER SECOND, SUM-QOF-SINES TASK

Abcraft Configuration: 20

)7 B3 5 i S = s 2 £5 = [
Raig Limit: 30 degroes per second j Tracking Task: Sum-of-Sines

test. Desived perfonnance
with moderate
compensalion/Gross
acquisition within
adegquate criteria. Not
springy or abrupt like last
test point. Negative and
positive acouisition good

Pilot - Sostie(s) PHot1-4 Pilot 2 - 511° Pilat3-6
Couvper-Harper Ratings 4 442 1
PIO Ratings 3 i 21
nitial Response Responsive Responsive/Responsive Responsive
Steady-5iate Response Responsive Responsive/Responsive Respongive
Prediciable Ve Yes/Yes Yes
{ross Acouisition Shightly Diffieult EasyfEasy Easy
Fine Traeking Degived Adequste & Desived/ Desived
1 Desired
PILOT INTRAFACE
Contvol Harmony N/& N/A WA
Stick Forces Medium Medinm/Medium Medium
Compensadon Minimal (Fize Tracking) Wiintnal Moderate/ Minimal
Moderate (Gross Miniial
Acquishion)
Workload Muirpal + (Fiﬁﬁ“rrackm;g) Tolerable/Minimal Tolerable (Low side)
Was there 3 PIO? No Ho/No Mo
Easily Induced? No No/No Ne
] COMMENTS
Good Characteristics Good Alrplans Mare predictable than last | Steady-state and initial

rusponse ave quick and
well matched. Gond
predictability. Very good
trackey insensitive to pilot
gains and aggressiveness.

Bad Characteristics Over-sensitivity in pitch Small bobbling about
generated one o two target. Technique to
overshoots during gross eliminate aud compensate.
acquisition, Slightly

_ oversensitive.
Notes: A “F separates multiple ratings by the same pilot,

W/A ~ not applicable.

1.
2. An“*” indicates test point plotted in Figure 9.
3
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Table C20
SUMMARY 2D, RATE LIMIT OF 40 DEGREES PER SECOND, SUM-OF-SINES TASK
Airorat Configuration: 20 | Raie Lunil; 40 degrves per socond | Aracking Jisk: Sumeof.Smes |
| Cooper-Harpor Radings: 4/3 [ 4° | 12 ! PIO Ratings; 3/2 3% § 12 e
Overall Evalustion The mitial snd sicady-siste response was considered responsive by all dires pilots. The

aiveraft was predictebls makdog the gross seguisition task casy. The pilots were able o
achieve desived porformance n fouwr owt of five evalustions. The stick forces wers
mediwm, The pilet compensition was moderate and the workioad ranged minimal to
tolerable, In all five evaluations no PIO securred. This slroreft was rsied as Level 2 by
two pilois and Level | by the dhivd pilot. The alreraft exbibited some undesirable

motions which compromised iask parfosmance two oot of five evaluations,

Notes: 1. he onder of ratings is Pllog 1 ot 2 b Piiot 3. 3. AR indicates test peint plotied in Figzm,_éis.
2. A% separetes mulipls ratings by the same pilot.

RrGraT NT-3ER 158% BUTOL-ONEs ]
Date Flowry 14-Ape-87 Rate Limit: 40 deglsec
Pilot: Pilot 2 Pregsure Altflude: 10,000 & PA
Corflguration: 2D indicated Yelocltly: 250 KIAS

Longitudingl Tamet Trecking Perdformance

Pitch Comurans (o)

i
i

Elevator Rate Limiting; 285, 508, 40 deglsos

s &2 Thomas

P 1648 T e 2.0 2048 W4 45 A50R 089 s g0
Pitah Auks Blevaler Rute

a8
4
9%
& 12 7 g
] _ & g 1 4 o o 8 3
5 ri [ e T e DT £
o5

Figuee C10 Represeniative Flight Test Result 25, Rate Linis of 40 Degrees Per Second, Sum.of-Sines Task, Pilot 2
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Table 21
PILOT COMMENTS FOR 2D, RATE LIMIT OF 40 DEGREES PER SECOND, SUM-OR-SINES TASK
Alreratt Contigurstion: 202 1§ Rale Limit: 40 dogrees per second | Tracking Task: Suwi-of-Sines
Pilot - Sortie(s) Pilot 1 - 174 Pilot2 . 2% Pilot 3 « 3/6/8
Cooper-Harper Ratings 475 4 12
FIO Ratings 372 3 11271
- AIRCRAFY
Initial Response Responsive/Responsive Hesponsive Responsive/Respongive/
Responsive
Steady-State Response Responsive (high) Responsive Responsive/Responsive/
Responsive Responsive
Prediciable Yes {less thaa previousy Yes YeosYeuYes
Yes
Gross Acquisiion Easy/Hasy {tght spring Fasy Easy/Fasy/Easy
drove some overshonds) . N
Fine Tracking Pesired N Adeauate Desired/Desired/Desired
FILOT INTERFACE
Conrol Harmony Good Good N/A
Stick Forces Low/Medium Medium Medium (5 - 10 IbY
hedinm/Medium
Compensation Minimal/Moderate for Moderate Moderte/Moderans/
Gross Aeguisition Mininal ]
Workload Minimal to telerabls/ Tolerable Tolergble/Tolerable/
binimal Minimal
Was there g PIO? Ne/No No No/MNoMo
Easily Induced? WNo/o No No/WNo/No
COMMENTS
Good Characteristies Desired OK with some Gross zequisition good. Very precise tracker.
compensation. Noi a bad Insensitive o pitot
jevSolid afrplane. agaressivennss/Precise
tracker, Predictabiz and
mgensitive to pilot
gains/MNo oseillations.
Good tracking even at
high pilot gain. Very sharp
and quick responise.
Bad Charaeteristics Not quite as good as Small oscitlatious sbous Two litle
previous, Overly sensitve. | the target. Task overshoois/None/None
Not as solid as performandee compromised
previcus/MNone stightdy. A bit more
sensitive than prior min.

Notes: 1. A/ scparases multiple ratiags by the same pilot.
2. An ** indicates test point ploned in Figwe C10.

-

3. N/A - not applicable.
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Table C22
SUMMARY 2, RATE LIMIT OF 50 DEGREES PER SECOND, SUM-OF-SINES TASK

Aircrall Cenﬁgmgima: 20 } Rate Limi: 50 degrees per sucond | Tmcki&gg Task: Sum-of-Sines e

Cooper-Harper Ratings: 4%/3] 2 {2 % PIO Ragings: 2%/2 § 1 {3 D |
Overall Evaluation The initiyl and steady-state response was considered respensive by all tires pilots. The | \
aircraft was predictable making the gross sequisition task eagy. The pilots were able o
; schieve dosired performance. The stick forces were medivm. The compensation was
' minime! end the worklvad minimal to tolorable. In all four evaluations o PIO occurred.

Seme pilot comment include: “solid feeling,” “insensitive i pilot aggressiveness,” “fine 4
wacking,” “slightly oversensitive in pitch,” and “linle jerky luitisl pitch response.” This
alreraft was rated a5 Level | with some undesizable pitch which did not effeet sk
| 4 pesfonmance. )
i Motes: 1. The order of ratings is Pilot 1 | Pllet2 § Pilot 3. 3. An**" indieatos test point ploted in Figure C11.
2. A" separmes multiple ratings by the same pilot, &
RHEGH, NT-SoA TaR Bum-aranes
i Dats Fiown, 19-Apr-87 Rate Limit: 50 degfeas
3 Rilat: Pllot 9 Prossurs Aitude: 70,000 & PA
Canfiguration: 2D indiested Veloalty: 250 KIAS .
s Longitudingl Target Troaling Peormancs
B 6 : ' ' ’ '
£
2 .
&2
g 4
£
&
s (gt e b
P e es e o RSt Trock
.
0 Elevator Rede Liming; 20, 808, 80 degless
80 @
g &
fof
b i 17 i4 w D
& &4 %
. oy $ 1 9 1 1
QL{HHTEMﬁMM 8
&4 840 1018 1834 0-28 %%%gw Ais géé oot ﬁ?g ) ABE4 -5 £8480 » G

Figove C11 Representetive Flight Test Result 202, Rate Limit of 50 Degross Por Second, Sum-of-Sines Task, Pilot 1
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Table £23
PILOT COMMENYS FOR 2D, RATE LIMIT OF 50 DEGREES FER SECOND, SUM-OF-SINES TASK

Alreraft Configuration: 20

Raie Limi: 50 degrees per second | Irackiag

 Task, Sum-ofeSines

Pilot - Sortie(sy Pilot 1- 19/ Pliot2 - 2 Plint 2 -3
_Cooper-Harper Ratings 473 2 28
PIC) Ratings B 232 1 i
) ) AIRTRANFT
fuitini Response Respongive/Responsive Responsive Responsive
Sisady-Stats Response Responsive (iigh)/ Responigive Responsive
Respanslve
__ Predictable Yes/Yes Yes Yos
Gross Acquisition Easy/Easy Easy Lasy
Fine Tracking Beiween sdeguate and Degirad Dresired
desived/Desired i
) PILOT iNTERFACE
Control Hammony Good/N/A Goud WA
Stick Forces Low/Low + (firm feel) Mediom Medium
Compensation ~MinbmalMinimad Minimal o tolereble Medurate
Workload Minsmal/Minimal + Minimal i tolerable MModerata
Was thers 8 PIO? No/ta No Ne
Easily Induced? Ho/ly No Ner
Gooq Charaeteristics Solid fesling. Fine Ne oacillstions about Cuick piich respoise
tracking no problem for target. Nicer than Iast overall. Insensitive to pliot
desired/One msll point. Mot baviag to BgEressivensie,
wverihoe Sien uo snnDenmie for the
probiem. Mice focling fet. | sivemfi. No undeyirable
o motions.

Bad Characteristics Slightly oversensitive in Ni& Liitle jerhy Initial plich
pleh. Drove suall respense,
overaboots during infus!
saphure/Stightly overly
sengitive. Very springy
feeling. High frequency
shaert pericd, but well
damped.

Notes: 1. A/ separsies multiple ratings by the same pilat,

2, An“*” indiestes test poim ploted In Figure 11,
3. B/A - act gpplicable.
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Table C24 ’
SUMMARY 210, RATE LIMIT OF 157 DEGREES PER SECOND, SUM-OF-SIMNES TASK

Alrcrah Configuvation: 00 | Raie Limit: 157 T Tracking 1 a0k: Sum-ct-Sines

Couper-iarper IEtngs: 3 | - § 2° FIC Retings: 3 ) - §1°

Overail Evaluation The initial sesponse wes slow o respousive mnd the sieady-slate response was
respensive, The airers® was prediciable meking the gross seguisition task eusy. The
piieis were able to schisve dasived perfomaance. The silek forces were medium. The
compensation was smoderate and the workload tolerzble. [ the two evaluaiions no P10
ogeursed. Some pilot comument included: “goud wacker,” “inssnsitive i pilot gala,”
“slight mismuich beiween initial and steady-stute rosponse.” This aicra®t wes rated as
Level | with e tendency o PIO.

Notes: 1. The order of ruings is Pllot 1 § Pilot 2 § Pilot 3, 3. A" indicates no veling Was @iven.
2. An " indicaies test point plotted in Figwre C12,

AT, WGk = Taik: Sun-ol-anes |
s Flown: 22-8p0-97 Rawo Limit 157 deglsse
Plloh: Pt 3 Frasaue Altitude: 100001 PA
Configuration: 20 indicséed Veloolty: 350 WIAS

Pt ot {Cogd

b o b aomanme

189
&
=
® 8
= 43 ‘
i
a5 i
i ﬁ 4 M 4 -4 3 2 % = 1 g
j"“i B ¥
] A 5 m_ 3 i W oy Septn, = : S
&8 &9 Wi s 058 ool o] 500 i @5 toag fag »Es

Pitay fuls Eiavalr Rl

Figure C12 Repregeniotive Flight Test Result 2D, Rete Limd of 157 Degrees Por Second, Sum-of-Sines Tesk, Pilot 3

L

T

&




Table C25
PEROT COMBENTS FOR 210, RATE LIMIT OF 157 DEGREES PER SECOND, SUM-OF-SINES TASK
¢ Alroraft Confiperation: 2D | Rats Limit: 157 degrees per second | Tracking Tesk: Swn-of-Sines &
Blot - SoTis(s) Bilot 1 -9 Bhiot 2 - 1ot Flown Pilot 3 -~ &° .
Cooper-Hurper Ralings 3 ' Not Flown 2 &)
PIO Ratings 2 Not Flown 1
; Tnitial Response Responsive Nz Slow B
Steady-Siste Response Regponsive W& Responsive
Predictable Yes N/A Yes
Grogs Acquisition Easy W/A Easgy
_____Fine Tracking Desived N/& Desired
PILDT INTERPACE
¢ Control Harmony Wa Ni& N/A B
Siiclc Foress Low + (comforiable) BIA Medivm
Compensation Miniimal W& Moderate
Workioad Minima) N/A Tolerable
Was thers 2 PIO? Ho N/A No
Easily Induced? No Mo
¢ _ COMMENTS B
Gaed Characteristics Nice airplane, solid N/A Good tracker, insensitive
o wilot gains
Bad Charaeteristics Small workload ncrease N/ Slight mismatch betwesn
in gross acquisition due to the initisl and stesdy-siats
reguisement 1o compensae responise {aegligible i
€ for shight over sensitivity deficiency} B e
ta initial captire .
Wotes: 1. Ar “*" ndicwes text polin plotted in Figurs €12,
2. WA -not applicable.
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Table C26
SUMMARY 2P, RATE LIMIT OF 15 DEGREES PER SECOND, DISCRETE TASK

Aircmi‘ﬁénﬁgmﬁm L 7P | Rate Limit: 10 degress per scoond | Tﬁm:king Task: Discreie

Cooper-Harpar § Ratings: 6 § 6% | 7 { PIO Ratings: 3 | % [ 3

Overall Evaluation Initial response was rated to be respousive to slightly fast. Steady-state response wes
slow. Prediciability was peor, with two to theee overshoots. The airerafi wes described
as lighely damped. Oross acquisition was difficult for all evalustion pilots. Fine tacking
was adeguaie o less than sdequate requiring considerable compensation for 8 tolerable
woritload. Control harinony was poor, No indication of & PIO wus noted, though theve
were undesivable motions which were easily induced. Extensive comjensation was
required wasranting improvernent. The alreeaft conid be felt winding up with large gross
acquisitions, with overshoots two tmes the distwce of scquisition distencs. Small
oscillations about the turget taade e task difficult during fine tracking. This was
considered & Level 3 airpiane, with aziﬁcguaie perfonnance not atiainable with maximum
pilot compensation, Cowroilability was not i question.

“Notos: 1. The ordet of ratings is Pilot 1 if?:mt 2§ il 3.
2. An“*” indicstes feat pohst ploved in Figurs C13,

AHCRTE R -33h TRk Chiscrate |
Date Flowm 18-Aprg7 Rate Limit 10 degfuss
Pliot: Pllot 2 Pregsure Aliitude: 10,000 i PA
Conflguration: 2P indicated Veloalty: 250 AR

L@ﬁgﬁ uding! Tergst Vracking Pedformangs

...........................................................................

180 118 120

Tagor Trani
Pt Tresh
Elwvator Rate Limking; 2P, B8, 10 deglasc
%0 .
&
é s
P
% W
] 2 ¢ g o ) & 8 & 2
g v o R rcaad
@e 43 ki M e 032 448 a8l 2086 %0 L)

Pitel Anis Blesratw ﬁm

Figurs 13 Represontatve Flight Test Resuli 2P, Rate Limit of 18 Dagress Por Second, Diserete Task, Pilot 2
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Table $27
PILOT COMMERTS FOR 2P, RATE LIMIT OF 16 DECREES FER SECOND, DISCRETE TASK
Afrcrafi Confignystion: 28 1 Rate Limit: 10 degress par seeond | Tracking Task: Discrsie
Pliot - Sortie{s) Piiot1 -6 Pilot 2.7 Bilet 3~ 6
Coopsr-Harper Ratings & 6 7
PIO Retings 3 5 3
Initial Response Siow ' Fast Responsive
Stesdyv-Simie Respouse Slow Slow Slow
Predictable No No; two to thres No
overshoots. Fesls lightly
daped. Poor,
Gross Acguisiiion Diffienk Diftieult Tofheult
 Fine Trucking Desired _ Adsquaie. NiA
PILOT INTERFACE
Conicol Harmony Poor {light roll/heavy Poor Foor
~ pirghy
Siick Forees ~ Fedium to high In plich Medium high High
Compensation Moderate (for Fine Consiclerable Considerable; had 1o be
Tracking) Considerable extra cavef] and lead a ot
{for Gross Acguisition) the airciafl response.
Workload Tolerable Tolerable Tolersbls because the
aivoraft was so slow
Was there g PIO? Na No Nos; very bad undesivable
Easily Indnesd? Ne Ny motions.
B Yes
COMMENTS ]
" Good Charactoristios | Pine Gacking was okay Extensive compensation | None.
with low galn, low warranis improvement,
ssaplitude inputs,
Bad Characteristics Secms to have atendency | Oscillations about target. | Stesdy-state response
for FIO with high gain Noge-up bobble with stow. Very sluggish, Mewd
{akuost PIO rating of 4. reverssl, Very sluggish to fead the airereft to stop
Wot o good feeling gross aoquisition. where [ want, Wind-up
airplane for any task,  Overshoot on large wendency on lurge
responds siowly 1o inpws, | sequisitien 2 times amplindes inputs,
slowly achieves maxinum | =equisition distancs.
plich rate.

Wotes: 1. Aa *o mdicates 123 poi plotted in Figure C13.2.
2. WA - not spplicable.
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Table C28

SUMMARY 2P, RATE LIMIT OF 20 DEGREES PER SECOND, DISCRETE TASK

“Atrorah Conbgussnnn: 20

Rate Limit: 20 degrees m‘ sepong ¥ Tracking Task: Discrete

Cooper-iisper Ratngs, 50

461618 § 13 " EID Ratings: 4° § 3754 1 418

Cverall Bvaiugtdon

niial respouse was described as slow, Sieady-siate response was mpamwe. The |
alveraft was predictable for small sequisitions, but wnpredictable o larger acquisitions,
(ross acquisidon was diffissle. Fine tacling wes maintained within desirsd criterie.
The aisplane tracked well under g. Counwol harmony was good. Stick forses were
msdium. Overall compensation reguired was moderate during gross aceuisition sad e
wacking., Undesivable nictions wers sesn duzing gross sequisition and fine wackiag,
particularly whea not wader . The airplase felt as if i were winding up during gwss
ecquisitions end it appeared ezsy o get owt of phase. This was eliminated by releasing
fhe stick or backing out of the loop. Though desired performance was siined, s was
considered & Level 2 siplume with oljectionable deficiencies due to the problevas
cocountered d mm:gggg@ss sequizition.

Noes: 1 T order of rauags 18 Piiot 1 I Pilot 2 § Bilot 3.

. & 7" seperstes multipls raifugs by the stane pilot.

Diste Flown 185-Ape-87

Pilot Pliot 9 Presaure Alftuds: 10,000 i PA
Configuration: 2P indicated Valouty: 260 IAS

Tas asae 1
Rate Uimit: 22 degfaes

Alrerare WT-33K

&

Plish Trosldag Comingnd ang Clessd-leop Response

e xR

Fish Cowmosnd {dogh

& & b

Elevater Fae Uniting; 25, Di8, 20 deglesc

08
8
g 9 |
%
£ 9]
- é I " 1 11
‘ 3 m 3 ] ] 9 b ¢ g 2
[ g i . 1 E’m% - o : -
8 RG] It &30 25 030 o] 2043 845 2680 ] 2550 =2
Plish Axie Bivvater Rels

Figuee C14 Representetive Flight Test Result 2P, Rate Limit of 26 Degress Per Sccond, Discrate Task, Pilot §

3. An™*” imdicr tos test point slotted in Eigure C14,
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Table €25
PILOT COMMENTS FOR 2P, RATE LIMIT CF 20 DEGREES PER SECOND, DISCRETE TASK 3]
Ajrorsfi Configusation: 2P ¥ Rate Ligeit: 20 degress pey senond i Tracking Tesk: Discrste B “3
Pilot - Bortie(s) Pilor 1 -4 Pilat 2 - 2/8/7F Pilot 3 - 3/8 >
Cooper-Hazper Batings 5 $/6/4/8 T3 S5
P10 Ravings 4 {near 3, maybe harahi} 314314 4/1
ARCRAFY
Tuitingl Resposge Slow Responsive/FasvRespongive/ Slow/Slow B S
Slow
Seensdy-Sone Hesponse Reswansive Responsive (all fows sorties) Slow/Slow
Pradictubie Yes (enougt for small lag) Yes/o (lerae NoiYes
i goquisitiony/YeaMNo i
" Greas Acguisition || Ditticult (lsge overshoot aud Fasy/Dificul/Fasy (Fine) DtV beaeui
fealing of lng) Diffleult (GrossyDiffionk , B
Fine Tragking Degired Dissirad (sl fovr sortien) Lienired/Dasired ‘ '
PILOT INTERFACE
Control Harmmony | Good (low-g/CGuin) Good/Poor to good/Good/Poor Good/Foor
Sticl Fopoey bfadives + Medimn (ol four soriies) Medinm/vdedinm (high side)
Compansation Minins! (Fins) Modorate/ModeraaMinimal e | Modeaute/Moderaie
Moderste + (Gross moderate/ & &
Acouisition} Moderate to counlderable N
Werkicezd Minimal Fine) Tolerabie/TolerableMnimal/ Tolerable/Tolersble
Foderate + (Gross Tolerable
Acguisition)
Was dizere & PIO? Nes No/No/No/Yes Yes/No . - _
Boally induted? Ne Neo/No/io/Yes (large consecitive | No (lots of escillationsyNo B @
o geguisition) '
CORBENTS
Not a bad airplsne. Mowe/None/Limle overghoot for | None/Good fine tracking
Steadyesiate sesponse wes sl sequisidons, Unloads well, | overall. Wo wodesirable
gond for task, negative ¢ acquigitions good, osciilations. :
Tracks wall under p/Roverses @ @
_ _ well ‘
Ded Comracisristics | Heavy suck led o 1ge Wiild vscillation when niot under g, | Very slow response - big
overshoot In initial cepture. § | londed tmcking loss oscilintion | oversboats, lot of
folt & fng. Very cluse to PIO. | sbout tges sxcept with rolling eoncentration to aveid
i wos on the regged edge of ) rversal, task performance jost due | overshooting the g, felt o
IO at my gain, o smali oseillstion/One-to-two the sincraft winding up daring ® @
overshiocts during sall big pulls; I was sble to siop
accuisition, four overshoos in st oscitlations by releasing
lrge sequisition/Piteh bobble for | the stick/Pitch steady-sinte
fove-g track, Large overshest for | responce slow and high stick
Ierge acquisition. Pk bobble forses. Gross voguisition " &
. with consocutive gross diffieul and not precise, Plane g :
scguisiony/Poor large acquisiton | winds-up with gross
sad out of phase for luge aomuisition. Bobble under
. pequisitions, slow o respend io light g, wough 1o 0op on gross
negative-g acquisitions. seruisition (mildly unpleassat
deficianey). 5 &

Neotes: I, A/ seperates multiple relings by the sume gi%@a.
3. An % indicates tost poin plotied ln Figurs Cl4.
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Table C30

SUMMARY ZP, RATE LIMIT OF 30 DEGRERS PER SECOND, DISCRETE TASK

Alroraft Configuraiion: 27

v Syt semsactsos
{ Rage Limit: 30 degvens por sesond | Trncking Task: Discrets

Cooper-Harper Ratings: 5°

-0é I PO Ratings: 39 - 13

Owverall Evalcation

fitial sircralt respoase was slow, Steady-state rosponss was slow (o responsive with
soine lack of predictability, Gross acquizition was assessed by afl pilows as difficult due
to slow response. Fine wacking adequate criteris was met. Stick forces were medium,
Compensation was moderate with 2 tolereble pilot worklosd. No indication of a FIO
wes noted. Overall, the aiveraft was slow to respond, but bobbled about the wrget. A
small undesired oscillation was induced gbout the target during fne tacking, The
aireraft was rated a8 Level 2 due to adequsts criterie mel sud the requireiment for
congiderable vilot compensation.

Totsw, L. The orasr of raings 18 FHot | | Pllot2 | Pilot 3. 2. A “* indicales no eling was given,
2. An“* pdicaies test point plowed in Figare C15,

Rl WYE8R Taok Diggeos |
et Flove 22-Apr-87 Rete Limlk 20 dep/ssc
Plioh: Plct 4 Pressure Altiude: 10,060 ft PA
Configuration; 2P indicated Velochy: 250 IAS

HEhbbbewsoe

Longituding! Targed Trackdng Performence

Blovetor Rute Limding; 39, DIS, 30 degless

k1]
)
L a2
T
] ba
] - 72 9 ?
i g & 8
] = /] ] [4 4] é <]
&3 B30 W08 Rivs: ] poes 80 e w23 G0 380 e * @8

wH

Pigure C15 Represeaiative Plight Test Result 3P, Rue Liraid of 30 Degrows Per Second, Discrsts Task, Pllos
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Table €31
PILOT COMMENTS FOR 2B, RATE LIMIT OF 3) DEGREES PER SECOND, DISCRETE TASK
Ajreraft Contiguation: 47 [ Rate Limit; 30 dégrees per second | {racking Task: Diserets B d
Pilot - Sortiefs) Pilor1.9% Pilot 2 ~ Mot Flown Bilot 3 - § s
Cosper-Raper Ratings ] Not Flown & ‘l“;)
PIG Ratings 3 ‘ et Flown 3
~AIRCRANY
lmitisl Responise Slow ‘ N/A Slow B
Steady-State Response Reeponsive {adequate for WA Slow
gel)
Predictable Yeu (slightly slow} N/A No
Gross Acyussidon Bagy (adequate) Diffioult WA Diffieult
{depired) n
Fine Tracking Desized N/A | Adeguate b
7 PILOT BYERFACE
Contrsl Hammony | Good /A, Good 1o poor
Stick Forces Medium N/A High
Compensetion inime! (Fine) Modersie WA Moderate to considersbie
{Grone)
Wurkioad Minimal (Fitie) 10ierable WA Tolerable to intolerable B
(Grows)
Wag there a B1O? Wo WA Mo
Basily Induced? Mo » Mo
CORRMENTE
Good Charscisristies MNIA j HiA None, B @
Bad Characteristics Slow response lad o small N& Slow infiial and steady. i :
overshoots degrading giate regponge, undesirable
porformence. Sumall oscillations {fwo t© thres)
vexidus! oscilietion. that domp out iowering the
gains or freexing the stick,
not 2 comfortablie
| configerntion to fly. ®

Noes: 1. AB ™ mdicaies tes ponkt plotied i Figiws C15,
2 WA -not applicable.
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Teble 032
SUMMARY 2P, RATE LIMIT OF 40 DEGREES PER SECOND, DISCRETE TASK

Alvrait Configuation: 2P ? Rate Limsit: 40 degrees per second | Tracking Tasl: Discrete

Cooper-Harper Ratings: 3 § 6 | 3%/5 THO Ratinge: 2 14§ 3°88

Overall Evaluation Initial response was responsive. szﬁy—mﬂe FSpUBEE Was Slow. it divcran was
y predicieble  dwing  sinall acquisitions, bwt lacked predicwability dwing larger
seguisitions. Desived porformance was attsined during fine wacking, wacking with some
bounded cscillations. Control harmony was rated &5 good. Stick forces were miediom w0
bigh. Compensation required was moderated to considorable. Workioad was asvessed s
tolerable. No PIO was noted, though the sireraf®t indicated it conld diverge during gross
acquisiton. Reguired a lot of kad during gross scquisidon to stop where deslned, then
overshooting two to tres tires. This alrerafl was eonsidered u Level 2 aireraft dus 0
the objscticnable srose acquisition cheremeristes end the oeeillations abow the @yt
a&mmg fue am&z

Motes: 1. The order of senngs i s Fiton 1 ¥ Pl ot 2 ﬁ Pilot 3. 3. An ™% indicabes test point ploged in Figure €16,

2. A" separstes multiple ratings by the same pilot.

TRREET N T-Sah VEER, LASTSE
Date Flown: 14-AprG7 Rals Limic 40 degfses
Pliot Pitot 3 Prasmure Altitude: 10,000 7t PA
Configuration: 27 indicated Velodlly: 280 KIAS

Longiheding Terge: Tracking Parfonnince

Ehovator Rus Lindting; 22, DI8, 40 degiuss
1355
&3 4
g 27}
E
& »
a Wy
Pl w
2‘@4 ﬁ ﬂ 13 9% v 6
‘ 3 . 4 ] 1 d
é & B ® g
[ 5 i A F ' J’i‘} 5“‘3 3 g =, Ty
86 geig W %45 2008 ¥ 4889 7Y e =6

2859 B8 P ]

Fignge C16 Repregesistive Fiight Test Result 27, Ruls Limit of 40 Degrees Per Sscond, Disurste Tugk, Pia 3
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Table £33
PILOT COMMENTS FOR 2F, RATE LIMIT OF 40 DEGREES PER SECOND, DISCRETE TASK

Afrcralt Configuration: 20  Rafe Lunit: 40 Gegress por 5e00nd. | TFACKilg, 1 2SK: DAScrets
Pilut - Sortie(s) Pilot 1 - | [ Pilot 2 - § B Pilot 3 - 3%/5
Cosper-Hasper Ratings 3 (tough decision; é 575
close to 2)
PIC) Rakings 2 | 4 33
AIRCBAFT ,
Inidai Respease Responsive Slow Blow/Responsive
Steady-State Rewounse Responsive Slow Slow/Slow
Predicisble Yes o Yes (margiualyNo
Gross Acquisition  Easy Diffiouk Easy/ifeui
Pioe Tracking Dasired ("Owistanding”) Dosived Adequaie/esired
PET INTERFACE
Conwol Humeay ~ (lood Poor $o poed CGood/Guod
Suck Foreey Ivedium (solid feel} Medium 1o high ModinovTligh
Compensation Mininal Considersble Modarate/Moderae
Workload Minimal Tolerable Tolerable/ Tolersbie
Was there a PIO? No Mo No/Na
Egaily lnduced? Ne 4 Ho Ne/Na
COMIMENTS
Good Cheracterigtics | Very good fecling Swble in high-g banked None/Noae
airplane, excellent gross i, tracks within desired
sequisitien during fine eritexia.
racking, the response was
stighily slower than
provious (2D Diswrein/20). |
Bad Chavacteristics Slighily objectionable Two-to-ree overshoos | Sluggizh during fine
when working steemd F, | during gross ecquisition, | tacking, spoiled by
gradicn bresk pobise, wmild cseillations ghowt the | annoyiug bouuded
terget during fine tacking, | oscillations, slow
small avershoot, response./Sieady-state
osciflation dbowt the response exceossively slow,
targes, theee evershoots it couged a lot of pilct
with srosll scquisition, compensation {lead
Isrge seguisition lesdds o | requived) to prevent big
large overshow, on the overshoots.
edzs of weating o
divarge, waats o divergs
prodictubility. _

Votss: 1. A/ saparsios muligle rtings by (e SEHe pilot,
2. An“Y” hndiesivs st polnt plotied i Figwe CI6.
3. ¥, - Btek forge.
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Teble €34
SUMBARY ZF, RAW LIMIT OF 80 DEGREES PER SECOND, DISCRETE TASK

' Alroralk Cuaxﬁgmﬁm. 2F § Rate Linjl: 5O degross persecond | mkmg Task: Discrete

ammﬁmgmgg A EOE "} IO Ratings: 2 | 373 T2

 Overall Evaluation Initial and steedy-sias responie Were responsive to slow. The aieraft was predictable
with easy gross scopisivon sad desived tracking porivroance sitained. Conivel harmony
wes good with weediums ok forces. Compensation mequired was modersie with
tolerable workload, Neo indication of 2 PIQ was som. The aiveraft wacked well under g
with some bobbling showt de wepet large aoguisions resulied in some large

tracking with slow responss 10 caplure conunands, The aireraft wos considered 5 Level
2 sigplems with minor amwoyimg deficiswis, while sull able to smein desived
performance.

overshoots during indiial ecquisition, Theve was some vlugeishniess during steady-state §

Haazs: 1. “The crdet of rudings 18 Pilot 1 | PAGL 2 | Pilet 3. 3. 4“0 indicaios 4 point plowiod 1o Digure C17.

. AN ssperates muitiple vatings by the sime,

RIFSEt NG5k i N AV .
Plict Pltat ¢ Pregsure Altiude: 10,000 RPA
- Configumlion. 3P indicated Velooity: 280 KIAS

&
% 49
R 4
]
S‘:ﬁw P %%
i a8 .
. E’"’% % 3 8 g 9 3 8 & g
@ i : i ﬁ B. ™/ b TR oo WY - ==, p— T el e W
[ 4 g @ oot B By b [ 588 E5al 2R -G

ek fudio Bt Rein

Fignws €17 Repressmmtive Flight Yest Result 2P, Reie Limi of 50 Degress Por Second, Discrets Tesk, Piloe

Gy
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Table C35
PILOT COMMENTS FOR 2B, RATE LIMIT OF 50 DEGREES PER SECOND, DISCRETE TASY

‘Alroralt Configuretion: 27 Rute Limit: 50 dogrecs por second | racking Task: Discreio
Pilst - Sortie(s) Pilof | - 4% Bilat 2 - 2/ Pilei 3 -3
Conper-Hiuper Ratings 4 304 3
PIC Ratings 2 353 2
AIRCRAFT
Taitial Response Responsive Responsive/Responsive Slow
Steadv-Siaie Response Regponsive Responsive/Siow Slow
Predicmble Yes Yes/Ves Yes
Gross Acguisidon Eay (couple of Basv/Cagy Eagy
) overshools, not bad) , -
Fine Tracking Dasired Adequate/Dedved Desired
PILOT INTERFACE
Coatrol Huvsory Good (tended o drive GeediGood Good
inadverient rol] inpul}
Stick Foroes Low + (st higher 2) hMedium/iedinm Medium (henvy piseh
forre)
Compensation Mindmal Moderate/Minimal 1o Moderate
Moderate
Worklosd Whinimal (Fine) Tolerable/ Tolerable Tolesuble
Tolerable {Gross)
Wag there a PIOT Mo Wo/No Ne
Easily Indueed? Mo N Mo/No Mo
7 COMMENTS
Geod Characieristics Excelient fine track Mone/Quoe overshoot fora | Guod overall, oacking
lesge soguisition, charastaristics,
prediciable, wacke weil sonfiguraticn can be
under g, 5o oscilladon employved ob & wide
sbout @rget. vasisty of aicplaucs
) {fighter, ranspon, ... ).
Ded Charseteristics Couple of overshoois Bohbling sbout target, Little sluggish ip pitek
difficult to stabilize, thres- | respouss, twu overshonis
to-fouar overshoots on during gross scquisition
gross acanisidon, larpe ot perionnancs is aot
Jumps lead to large compromised,
overshicots, small
aaciliations uader loaded
wacking, pilot
compsnsstion to eliminse
bobbles, lost
porfomesnes/Sluggish
sizady response, slow (o
regpond o caplure.

Motz 1. A Y/ coperstes multiple retings by the same pilot.
2. Ap % indicetes test point plotted in Figurs €17,
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Table €36
SUMMARY 2P, RATE LIMIT OF 157 DEGREES FER SECOND, DISCRETE TASK
Adreral C@iﬁf{%ﬁ’aﬁﬁm P I Rate Limis: 157 dzg;x*eﬁ;gg; second | "i"mckggig Task: Discrate
Cooper-Harper Ratings: 4% | - | 4 __LPIO Ratings: 2% § - | 2
Overal! Bvaluation Initial aod steady-state response were described as slow to respongive. The aircrafl was

predictably and fine wacking performance met desired eriteris with minimal w maderats
compensetion yequired. Gross scquisition was described as easy. Workload was
mindmal w tolersble and no tendency o PIO was nowd, The abwra handling was
deseribed as exceilent, very responsive and felt great. The second pilot commented that
the alrcraft was a Dit stupgish, mush Bke & tanspore, with some minor annoying
oscillstions under g, Overall, this configuration was rated ss Level 2 for minor but

. annoying deficlencies.
Notes: 1. The order of ratings is Pilot 1 | Pilot 2 || Pilov 3. 3. A% indicates no rating was given,
2. An*® indicates test point plotted in Figure C18.

AFCETT NT=838 TEIK, (eGets
Date Flown: 22-Apr-87 Rate Limit: 180 deg/ses
Pl Pilet 1 Pregsure Altltude: 10,000 ft PA
Configuration: 2F indleated Veloally: 250 KIAS

i?é
E
ﬁé g
§
Time {gees) ; v —
ggggggg PRikd Track

Elevator Rate Liniting; 2P, I8, 157 deghse

4100
20 .
o |
é &
Vg ———
5 40
P
20 ﬂ 11 s
4 2 1 1 1 5 1 ¢ 2
oL I = T ,
[22] &40 158 §5-20 Fhis-4] 2550 38 8340 £9-45 £8-20 =53 2380 28

Piteh Adg Elavaier Rets

Figure ©18 Represeniative Flight Test Result 2P, Rate Limit of 157 Dagrees Per Second, Discrete Task, Pilot |
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Teble C37
] PILOT COMMENTS FOR 2P, RATE LIMIT OF 157 DEGREES PER SECOND, DISCRETE TASK

hireratt Configurution: 20

| Rute Limit: 157 degrees per second | Tracki'r_;gr’fas’k: Discrete

“pilot - Sortiels) Bijot 1 - 9¢ Pilat 2 - Nat Flown Pilot 3 - §
Cooper-Harper Ratings 4 Noi Flown 4
PIO Ratings 2 Mot Flown 2
AIRCRAFT
 Initial Response Regponsive N/A Slow
Stsady-Sieis Response Responsive N/A Slow
 Predicible Yes N/A Yes
Grogs Acguisition Easy N/A ~ Easy
Fine Tracking Degired N/A Diesived
PILOT INTERFACE
Conirol Harmony Good N/A Good
Sijck Forces Low {at low-g} n/a biedium 1o Righ
Medini (at increased 2)
Compensstion Minimoal N/A, ~ Moderats
_ Workload Mindmal N/A Tolesgble
Was there a PIOY Wo N/A Mo
Easily Induced? No - o
COMMENTS
CGiood Characteristics Excellent aiverafl, vory NIA None
i responsive, felt great, N
Bad Characteristics Conirol hacmony gradient WA Slow and sluggish
was noticeable at higher g transport ype ailreraft with
(ihis was *he oily reason 2 t0 3 ogeillations under g
for Cooper-Harper rating (minor bul snmoying
of 4), the stick fores deficiency).
gradieni caused some
minor unwanted pitch
oscillations.

Notes: 1 An “* indicates test point plotied n Figure C18.

2. W/4 - not applicable.
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Table 38

SUMMARY 2F, RATE LIMIT OF 10 DEGREES PER SECOND, SUM-OF-SINES TASK

Atrcrait Configamaiion: 3P

| Rate Limit: 10 degrees por second | [racking 1ask: Sam-of. Gines

Cooper-Harper Ratings: §

9ig® ) PLO fatlngs: 4414

Overall Eveluation

Initial and steady-state response in this atveraft were described by ail pilots as slow, The
airerafl lecked predictability and was very difficult W control. Gross scguisition was
difticult requiring intense workload (o remaln in phase. The pilot had 1o back oui of the
leop o veduce gaing and allow the airorait to dampen out. Fine tracking could niot be
accoroplished. Btick harmony was poor, with medium to hiph control foroes.
Compensation was considerable and workload ntolersble. A PIO was sasily inducsd
early in the task. Aireralt controf could ealy be maintained by backing out of the loop.
o divergent oscillations were seen. This airerafl wes ruted Level 3 reguiring
imaprovement for mafor deficiencies,

Motes: 1. ‘The order of maiings 18 Phat 1 | Pilot 3 | PGt 3.

2. An"®" indicates test point plotted in Figure C19.

Alrcran, N1-338 Task, Sum-ol-Gies
Date Flown: 18-Aor-87 Rate Limit 10 deg/ses
Pilot: Pliot 3 Prasaura Allitude: 10,000 # PA
Configurstion: 2P Indicgied Velociy: 250 KIAS
Longludinat Target Tracking Perfoimance
8 ; , 1 . ( — 7
ga ----- ~~~~~~ R ——————————— R
FS DR RS ST A N SR N
% 3 ' »’?\n_:_i*-:*%__-_:. ............. el
a d ?\\ﬁ%’,tf:f.{_n--_: ..... [ e
- ?
i e R R r bt SEL R SRR SRR R R RO RRREEE
B .S UtV VRO UV g . Ve e = o
70 80 B ® 0 10
Tifne {geas) s gl Yool |
....... Plat Treek |
Elevatar Rats Limiting; 2P, 808,10 degisee
166
a
g &5 .
;éz 403 =
20 7
m i 9 g ] o ¢ o o o 3
[ st Faos W
[ (81 1818 1529 X028 pite B3 $5=2l 445 4580 8558 B340 =83
Fiteh duls Elbvitor Ruts

Figure C15 Representative Flight Test Result 29, Rate Limit of 10 Dagrees Per Second, Sum-of-Sines Tesk, Pilot 3
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Table C39
PILOT COMMENTS FOR 2P, RATE LIMIT OF 10 DEGREES PER SECOND, SUM-OF-SINES TAS

Aiversts Configuration: 20

| Rass Limit: 10 degrees pee second | Tracking Task: Sumeof-Sines

PBiloi - Sortie(s) Pilat 1-4 Pilot 2 - 7 1 Filor 3 - 6°
Cooper-Harper Ratings 8 9 (contro! in guestion) 8
PIO Ratings 4 {increased goin to 4 4
maintain control)
ATRCRALT
Initlal Response Very slow Slow Slow
Steadv-Sinte Response Slow Siow Slow
Predicable No No Ng
Grosa Acquisitlen Difficult Diffleult Diffical
Fine Tracking Adequate (using very low Could niot do NA
gaing
_ _ PILOT INTERFACE
Control Hatmmony N/ WN/A N/A
Stick Forees High Medium Mudium
Compensation Considerable Considerable Considersble
Woikload Intolersble Intolerable Tolersble +
Was there 3 PIOY Yes Yes - Vs
Eagily Induced? Yes Yes (entered early in task) Yes
COMMENTS
Good Charatieristics | Nowe None None
Bad Characteristics Extremely heavy stick. Exireme lag in nirial Stesdy-state response was
Tegrible feeling aircrait, response {80 degrees out | very glow and
Control hanmony problems | of phase PIO. Had w unpredictsble. & lot of
drive lots of inadvertent reduce gain, back out of lead regquired io coniain
roll inputs. Flyable but loop to dampen out. Not the amplitude of the
workload is 5o high that divergent, dampened with | undesirable oseiliations,
controllability s always in | release of stick. Sluggizsh.
question. Reguires stop
§ stop pitch inpus, )

2. /A - not applicable.

Notes: 1. An“®" indicatss test point plottad in Figure 010,
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Table €40
SUMMARY 2P, RATE LIMIT OF 20 DEGREES PER SECOND, SUM-OF-8IWES TASK
& Adreral Configuration: 2P | Rate Limit: 20 degrees per second | Tracking Task: Sum-st-Sines B
| Cooper-Harper Ratings: 5% [ 8/5/846 o »Ej‘ié’) Ratings: 4* §3/4/5 54 7 )
Overall Evaluation initial alrcralt response was slow o responsive. Steady-siate response wes siow (o . e
responsive with some lack of predictability. Gross acquisition was sssessed by sl pilots
as Gifficuls ue t lsrge overshools. The sircraft feli s if it were genting out of phase.
Fine tracking met adequate eriteria, with performance increasing with decressing of B
4 yaing. Moderate to considersblie emnpansation was required to achievs adequaie criteria
B . rq "
with a tolerable workload. The swmmation of the pilot conuments indicates there was
some easily induced PIO duwring gross acquisition. The PIO appeared bounded making
desived wacking impossible. The aiveraft was rated by one pilot as Level 3 snd as Lovel 2
by the other evaluation pilots. Given the noted FIO and difficulty with gross acquisition,
the siveral} requived improversent for major deficiency and should be considered Level B
= 3, =
Hotes: 1. The order of ratings is Pilot 1 | Pilet 2 | Pilot 3, 3. Anr " indicates test point plotted in Figure €20,
2, A" separates multiple ratinigs by the same pilot.
. TOIaI, M1 -GaA Tagh, Sum-orginas |
P Date Flown: 11-Apr-87 Rate Limit 20 degfass g
#liol Pilot 1 Preseurs Allitude: 16,000 i PA
Cenflguration: 29 tndigatad Veiqcﬁy: 250 KIAS
. Longitudingd Targst Tracking Performance
BT I i R PR SRR & &
e f ol R .
g 2 ~ i ..I. ..... o w o : ......
E LR PR = b - e it - v = - e
8 ]
fé e oo
e — e ®
80 104 198 120
Time {sees) r’:ﬂm‘a’ﬁ%g&'”
[ enenn Pliot Track
100 Elgvater Rute Limiting; 2P, 808, 20 deglese
G B
48 .
2 ey
g
§ 3
2 @ %
24
P 18 B
e s
. 7 m m 1 o 6 o o o ¢ o 0y
%3 438 1013 546 d3d 2320 3938 534 4408 5836 i $58 =8
Pitek Axie Blavatar Rats
o Figure C20 Representative Flight Test Rasult 27, Rate Limdt of 20 Degrees Per Second, Sumn-of-Sines Task, Pilot | B



Tabie C41

PILOT COMMENTS FOR 29, BATE LIMIY OF 20 DEGREES FER SECOND, SUM-UP-STWES TASK

Afrcral Configuration: 2P § Rate Limit: 20 degrees pev second | Tracking Task: Sum-of-Sines
Filot - Sertie(s) Pilot 1 - 1% Pilot 2 - 2/5/7 Pilot3- 6
Cooper-Harper Ratiags 5 8/5/¢8 G
PIO Ratings 4 ] S/41% 4
- AIRCEART
Tnitial Response Slow Fast/Responsive/Responsive Slow
Stepdy-Siate Response Responsive Fast/Slow/Responsive Slow
Predictable Yes to o No; diffionlt with fast onzet/ Mo
No/No o
Gross Acquisition Difficult (4-3 Ditticuly Diffieuly/Difficuli Difficult
avershoois) {large acouistions) _
Fine Tracking Adeguaiz Bordering on sdequate/Other Adequate
than adequate/Adeguate
1o desired (when open loop)
PILOT INTERFACE
Controt Harmony /A Poor to good (1o much N/A
response)/Poor (o goedPoor
Stick Forces Low to roedivin Mediwn(3) High side of medium
Compensation Moderste {adeguate) Considerable(3) Hizh side of moderate
Workload Tolerable Tolesabie(3) High side of tolerable
Was there a FIO? Yes (slight) MNo/No/No Yes
Easily Induced? Yes (for Gross No/No/No Yes
Acquisition)
COMMENTS
Good Characteristics Fine. OFK. None/None/Smat] scquisitions W/A
eagy o do.
Bad Characteristics Small P10 tendency Large overshoot with large 1 was in doubt hetween &
with arge amplitude target jump, foels on edge of and 7. I decided for &

aagressive task. Overly
sensitive, Drove
overshoots during
initial captures,

wanting to diverge with gross
acquisition, stopped with
opposite stick. Had 1o abandon
task to recover jet. Did not
diverge. If task had continued
wiih larger Jusnp, this may have
diverged/Smasil osciilations
about target, Pooy
predictabilivy, Difficult 1o
stabilize, Bouncing back and
forth scross target, not
stabilizing, Tracked this 2 times
to try and get feel for the
probiers, Bobbling about the
target. Diffeult to stabilize on
target, Getting out of phass
with tight in-the-loop vontrel.
Open loop dampens oul.

because flying low gains
improved the tracking
quality (very
pbjeeticuable but
tolerable deficiencies).
Wut predictable at all,
Pretty good ampliiude
oscillation. Bounded PIO
observed. Good tracling
is mpossible.

Notes: 1. &Y separsies multiple ratings by the same pilot.
2. An**" indicstes teat point plotted in Figure C20.
3. WA - not applicable.
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Table C42
SUMMARY 2P, RATE LIMIT OF 30 DEGREES PER SECOND, SUM-OF-SINES TASK
Ajrerafi Conflourstion: 2P ! Rate Limit: 30 degrees pe_z second ! Tracling Teck: Sum-of-Siwes &
Couper-Harper Ratings: 4}J5% |6 | PIO Rutings: 382943 )
T s = e - TR AT S g
Overall Evaluation initial sircraft vesponse was slow, Stesdy-state response was slow o respousive with &
somme lack of predistability, Gross acquisition was assessed by oll pilots a5 difficult dug
tv slow response. Fipe tracking adequate criferis was met. Stick forces were medinm,
Compensation was moderate with & tolerable pilot worlklowd. Ne indicativn of a PIO B
was noted. Overall, the sircralt was slow to respond, but bobbled about the mrget. A
sipall wdesived vseillation was induced abowt the warget during fine teacking. The
aiverall wss rated as Level 2 due w adequate oriteria met and the rsguirement for
| consiterable pilot compensation. )
Haotes: 1. The order of ratings is Piles 1 | Pllet 2 § Pilot 3,
2. An**” indieates test point plotted in Figure {21, B
RIGEaTe Wi-gaA TREK SUNT-OI-Sines
Drate Flown: 16-Apr-87 Rate Limit: 30 degisse
Pilot: Pilot 2 Pressure Aititude: 10,000 R PA
Configuration: 2¢ Indicated Velacity: 250 KIAS &
Lenghuding! Target Traglking Performange
7
B
=
§ B &
£
&
&
P "
Tima (secs) ;" Torgel Track
Ceeeees Pl Traek !
Elevator Rate Limiting; 2P, 08, 18 degliace
10
Eg
g8
g w0
S 45
b+ -
o B r’“
2 i 18 13 . . B
o J m ﬁ o il ) P - é e 8 s e  nban |
S 516 1648 &40 b2 oS 3935 i <048 AE50 8055 S5E0 v &
Frick A Slevabor Rale
Figure C21 Representative Flight Test Result 2P, Rate Limit of 30 Degrees Per Second, Sum-of-Sines Task, Pilot 2
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Table C43%
FOLOT COMMERNTS POR 2P, RATE LIMIY OF 30 DEGREES PER SEQUND, SUM-OF-SINES TASK

Alrersh Configuration: 2P } Rz Litmit: 30 degrren per Secont | Tracking Task: Suim-of-5ines
Bitol - Sorte(s) Pt 1-9 Filot 2~ 7° i PHlots - &
Coepsr-Harper Ratiogs 4 s 6
FIO Ratings 3 K 3
AIRCRAPT
Initial Response Slow Slow Stow
Steady-Stete Response Responsive (for the task) Respunsive Slow
Prediciably Yes Yes (small Mo
. unppredictability}
Gross Acquisition Eifticuly (shghty) Easy vo diffieuli Diiriicnlt
¥ime Trackioy Desired Adsiquate Adequste
PILAFY INTRRFACE
Control Harmony N/& WA A
Stiek Fovees Medium Medium Medimm |
Compensation Minimal {for Fine Miniraal 1o moderate Moderate to consiGerapie
Tracking)
Moderate (for Cross
Acquisition)
Workioad Minimal (for Fine Tolerable Tolerable to intolerable
Tracking)
Tolevable (for Gross
Acguishion)
Was there 5 PIO? Mo Mo N5
Easily Induced? We No Mo
COMMENTS
Good Characteristics Nige, fipe wgeking. | Steady-siaie response OK. | None -
Bad Characteristics Sluggish initiatly, deorcase | Scme deficiency with Very slow initial and
i prediciability duz to gross acquisition. Slow to | steady-wiate response, for
slow regponse. respond. Slightly shggich, | this reasom gross
Slow 1w initial response. asguisition required
Little bobble about target. | extensive pilot
compensation {input
shaping), undesired
B pscillation easily induced,
HNotes: 1. An ™% indicates test point plotted in Figure C21.

2. N/A - not applicable.
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Table C44

SUMMARY 2P, RATE LIVET OF 40 DEGREES PER SECOND, SUM-OF-SINES TASK

| Alrcraft Contiguration: 20

| Rate Limit: 40 depress por seoond, | ‘Tracking "Task: Sum-ol-oines

Overal BEvalusticn

¢ Cooper-tisper Ratings: 3

Jalsfse | PO Raiings: 414535135

Initial vesponse was astessad as slow io respomsive. Overall sieady-stale response Was
vesponsive. The alreralt lncked complete predistability due to some nose lag following
o input. Gross scquisition was difficult, with some overshouts during lerge
avquisivions. Fine Gucking sitsined adequste performance criteris. Compenssiion
required wag modersie for a tolerable workioed. No PIO was secn, though ene pilot felt
& wndency %0 el into one if aggrossive stcl inpuis were made. There was difficoliy
stbilizing on tie wgst due to mild oscilistion. These could be eliminued with somes
pilet compensiion. Overall reting for dis sineraft was Level 2 with adeguste
perfonmace sitwined and considerable pilot compensation roquired,

“Hores: ‘crder Of rAtuigs 18 Pk | | Pilot 2 | Pilot 3. 3. Ad " miiocies tost pomd plotied i Bigies C00.
3. A% ssperates mnitipls ratings by the sewme pilo.

" AFGRE W3R TR SRR OREREE T
Drate Flown: 14-Apr-87 Fate Limit 40 deg/zec
Pilot: Plist 3 Pressure Sititude: 10,000 <A
GConfiguration: 2P ] ndicaied Velocity, 280 KIAS
Longluding Vargst Tracking Parformnanes

E:

§

&

2

[-%

Elovator Rale Limiting; 2P, 808, 40 dogises
100
80

2 &,

£ %

;% g0 [

0
20 8 o
i_l i o & 3 2 1 1 g o g 6
iz 845 @608 %0 2028 3530 W33 pEIS 4348 2053 5058 o] )
Fieh dnde Elevatar Rele

Figure C22 Representative Flight Test Resul 2P, Rate Limit of 40 Degrees Per Second, Sum-of-Sines Task, Pilet 3
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Table C435
PILOT COMMENTE FOR 27, RATE LIMET OF 40 DEGREES PER SECOND, SUR-OR-BINES TASK

Ajreraft Configuration: 2P | Raie Lomit; 47 degrecs per sevend | Trecking Taske Swm-of-Sines
" Pilot - Soriie(s) Pilei 1 - 4 Pilot 2 - 2/5/7 Pilot 3 - 3°
Cooper-Harper Ratings 3 {close 0 6} 7 (couid not get sdeguate, 5
conivellsbility not in
) question}/d/3
VIO Ragings 4 4303 3
ARCRAFT o
lpitis] Response Slow Respousive (3) Slow
Steady-Siate Responss Responsive Responsive (3} Slow
Predictable Yes {generally duc so Nol¥es/¥es Mo
delay in pich) .
Gross hoguisition Difficul Fasy/Essy to difficult/ Difficul
Easy (some overshioot with
Iarge acquisition) o
Fine Tracking Adequare DisHeult (not sdequate due Adegeats
to tesk ) Adequataf Adsauate
1o desjred
PILOT INTERFACE
Lontrol Harmeny NA Good (3} - Wia
Suick Forcas Medim {wif stick) Msdium {3} Wiedium
Compensation Moderate kModerateModerate/ hModsnue
Moderate (for large
zequisidons)
Workload Tolerable Folerabie/Tolerable/ Tolerakle
Minimal o tolerable
Was there a FIO7 Vs (tendency) No/Noo No
Basily Induced? Mo No/No/No Mo
COMMENTS
Good Charecieristics Kot bad fecling. Adegusie | Wose/None/MNone Home
achieved,
Bud Charscicristics Heavy stick. Nose lags Difliculs wo swbilize on Have o suy low gain o
desired inputl. Heavy stick, | target. Ooeillations shout wrack. Twe to thrge
Aggressive lnputs lead to | target. Rild osciliations, ostiliations above the
PIG, net divergent. Ansmpted to | target. The sireralt
reduce gaias 1o 2ero i on appears 10 lag pilots
targel, Small bobbling inpuls. Slow overall
sbout the wrpet. Eliminate | response.
wipilot compensation.
Sonse umdesirable motions
with overshoets for gross
sequisitions. Caused
degrees rotation in
A perfurmance. )
Notes: L. A separates muliipls ratings by the same pilat,

2. An o indicates test polnt plotted s Figure C22.
3. WA - ol appliceble.
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Tebie C46 &
SUMMARY 2P, RATE LIMIT OF 50 DEGREES PER SECOND, SUM-OF-SINES TASK &
Alrersl Conhigaration: 28 | Ravo Limat: 30 Geqress per second | Tracking Task: Sum-of Siies @
mﬁe@-ﬁ@w}m@@ RS | PIO Ratings: iags: 3|203° 5
Ovevall Evalostion Initisl smd steady-stale responss were slow 10 responsive. The aireraf? was noted s %'}

predicisble by 23 evaluation pileis. Gross scquisition was judged o5 eawy o Gifficull,
with one pilot attaluing desived fine wacking oriterin. Compensstion reguired was
moderate dmipg pross soquichion, and slightly voduced duiing fime tacking, Ne 5
indication of a PIO was aoted. The alrersli siabilized on the twpet aud wacked withow

oaciilations seen previously. The aireral wes dascribed s belag springy, rsuliing &
sowe overshools of the Gwpst during gress acquisiton. Overall assessment of the
airermfl was Level 2 due o the moblems sssocleted with bath fine vacking sad gress

Notes: 1. The ordar of ratings is it | | PUK 2 | Filot 3.

. ]
2. An“* indicaes vast polii piod in Figurs £23.
eRe Plowe: 19-4pn97 Rate Limit 80 degfess
Pileg: Pilot & Fresoue Allitude: 10,0001t PA
ConBguration: 2P Indicatad Voloclly: 250 KIAS e
g s &
é 2.
g
a
8 B
9 10 20 © 40 &0 & 78 88 g 96 119 140
Tlsisd Gowen) TVaugat Tragk
------ Bint Tegeh
Elevator Rate Umniling:; 28, 808, 506 degiove
169 &
80 |
g 5]
2wy
1@ e
2{‘; _ 3§
i r i é 8 3 3 2 3 o
ﬂﬁ ﬂmmmﬁm@s v &0
&4 &1 19 B3] 2% 2830 ookt A5} G438 A5BE oS ke =30
Pl Ants Riwvater Kele
Figure 23 Representative Flight Test Result 27, Rate Limit of 50 Dagrese Per Second, Sum-of-Sines Task, Pilot 3
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Tuble O47
PILOT COMMENTS FUP, 2P, RATE LIMIT OF 50 DEGREES FER SECOND, SUM-OF-BINES TASK

] Alrama® arRion: 20 § Rage Limit: 50 dagraes per second | Tracking Task: Sum-of Sines
] Piloe - Soetinls) Fiiog | - 4 Pilot 2 -2 ] Pilot3-3%
Covpa-Fmpes Ratngs S 4 5
PIC Saeings 3 , 3 3
ARTCRATTY
Iuitie) Resnongs Homogeive Responsive Slow
Sirady-State Regponse Responsive Resnpnsive Slow
Frediaabie Ve Ve T No
Grass Acguiskion Lrifficeh Easy Diffieul
Fige Tracking j Degived | Aderpsbs Adeguats
PRAT INTERIACE
Cearol Hesmony Giood oud WA
Soick Poroes Pedium + Modiun Medium
Compenssion Mininie! (Fine) bloserane Moderate
Moderste {Gross) o
Worklosad Mikiibinsl Tolergble Tolerable (high side)
Moderate (Gross)
T Wes thore g FIO? 40 o Mo
 Easily Induced? o i No o
CORMENTS
Good Chatecteristics | Good Dne waek Sunbilized and tracked Noune
target without mild
oscillations seen
. N , previeusly ,
T bed Characienstgs Gross sequisition - Siill compensatiag a bit Stow aircraft response.
edegupie caly. “Springy” | for airplane in gross Tends w overshoot, Got
ol led to comstant sl 7 socouisition and fue dasired by worklosd too
cscillations and lage wracking. Net able to gat highto give e CH 4.
overshools duriag fnfdel | desired perfoamance.

Motgs: 1. An “* indicates st poln

2. N/A - sot applicable.

t plotted ia Figrme 23,
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Table C48
SUNMMARY 2P, RATE LIMIT OF 157 DEGREES PER SECOND, SURM-OP-SINES TASK

Alrcralt Cﬁr@ﬁ{g&nﬁtﬁ@nz g | Rate Limit: 157 degrees per second _ﬁ "ﬁé&iﬁg Task: Sum-oi-Sines

Cooper-Harper Fatings: 5*§-15 PIO Ratings: 3%)- 13

Gverall Evaluation Initial response was described as slow, with steady-state response slow to responsive,

The aircrall was somewhat predictable, decreasing during the gross scquisition phase,
making gross acguisition difficult. The fine tracking met adequate eriteris due to s slow
response and some small oscillations about the target. Compensation reguirad was
moderate with & toierable workload. No tendeney to PO was noted during the tracking
task, though some undesived oscillations were seen sbout the targot during high galbi
wacking. Oversll, the aireralt was slow and sluggish o respond with & heavy stick feel.
The aircraft was rated as Lovel 2 due o the adequate performance and shijectionable
oscillations, : o

Notes: 1. The onder of vatings is Pilot 1 { Pilot2 § Pilet 3. 3. A" indicaies no rating was given,
3. An*% indicates test point platied in Figurs C24.

Alrerait Wi-33a
Uate Flown: 22-Apr-87 Rate Limit 187 deg/ese
#ilot: Pilet 1 Pregaure Altitude: 10,000 ft PA
Conflguration: 2P ‘ Indicated Valocity: 260 KIAS

Longitudinal Target Vraeking Performance

Piind: Commrnand {teg)

Time {scea)

e 1GIGER TPECK
. mesoeoPikE Tresk !

Elovator Rats Limmiting; 27, 308, 187 degless

100
0 |
S8
5
35
o 40
2
® ﬂ 12 ¢ e 5
, 3 3 1 4 6 5 4
o] g I I ! [ i 3 o= 0= e ez, . =
(] 31Q 1018 18205 WS 2330 3035 3340 £0-43 588 &8 8346 282

Piob Anip Etevainr Rl

Figurg C24 Representative Flight T -esull 2P, Rate Limit of 157 Degroes Per Second, Sum-of-Simes Task, Pilot 1
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Table C49

PILOT COMMENTS FOR 2P, RATE LIMIT OF 157 DEGREES PER SECOND, SUM-OP-SINES TASK

Alrcratt Caﬁﬁgumtiﬁm 2p | Rate Limis: 157 degrees per second | Tracking Task: Sum-of-Sines
Pilot - Sortie(s) Pilot 1 - 9% Bilot 2 - Noi Flown Pilot3 -8
Cooper-Harper Ratings 5 Not Flewn ]
FIO Ratings 3 ~ Not Flown 3
AIRCRAFY
| Initial Response Slow WA Slow
 Sleady-state Hesponse | Reaponsive /A Slow
Predictable Yes {fine, 2 little less for /A No
Gross Acquisition but
e , okay.) _
{ross Acquisition Difficuli (sdequaie; sluggish NA DifficuR (especially at
pitch responss with low bigh pilot gains)
N dasaping)
Fine Tracking Adequate N/A Adsquate
PILOT INTERFACE
Contrel Haouony N/A N/A W/A
8tick Forges . Mediam N/A, Medium te high
Compensation Mnderate (taroughout) /A Moderate
Workload Tolerable N/A Tolerable
Was there 8 PIOT No WA Mo
Basily Induced? No Mo
COMMENTE
Good Cheracteristies N/A NIA None,
Bad Characteristics A bit slow responys with A Small long period
slightly heavy stick, oscillations about the
Sluggish, undamped shont target (2 to 3), very slow
period. and siuggish, undesirad
oscillations at high piiot
gains easily induced.

Wotes: 1. An*%” indicates test point plotted in Figure 24,

2. B/A - not applicable,
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Table 50

SUMMARY 20U, RATE LINMIT OF 20 DEGREES PER SECOND, DISCRETE TASK

Adreralt Cémﬁgm_:gg@im: 20U

| Rate Limit: 20 degrees per secoid T Tracking Task: Disrets

Cooper-Harper Ratings: 10°]10] 10

e

| PIO Ratiogs: 6°§6)5

“Overall Evaluation

uncontrollable. Bver if the pitch response was responsive to fast, the pilot was able to
track the target with moderate compensation and tolerable worklond within the sdequate
performance criteriz as long 8% his inputs were smooth end contvolled. On miove
sggressive or larger cosrections the aircrafl was over-responsive and unpredissable and
the ongst of divergent oscillutlons was unavoldable,

The aircralt pitch response was extiemely semsitive o pllot gains and overall

Wotes: 1. The otder of ratings is Pilot | | Pilot 2 | Pilot 3.
2. A0 % indicates test point plotted i Figure £25,

AITCTRTL N 1ogaA Tark: Viscioa
Date Flown 11-Apr-87 Rate Limit: 20 deg/zac
Bllat Pllot 1 Progsure Altitude: 10,000 #t PA
Configuration: 2DU Indicatad Velocity: 250 KIAS
Longhuding! Targat Tracking Parfennance
a T T T v i T 1 T
U3 e R el - L eemm b aanan bem- e
7] : . - ) :
;‘!"--‘vg",;-g:- “““““ : ————— g";"-"""":*:"““‘"i;:;“'?:“ ~~~~~ e Temm - e [
*;égA . PR S L N : e b U
B ‘\HJ ..... o S
3 -8 4 -~=“—‘iw;~"‘"-r5\;;«---‘ ------ - ' . Y R pomm
Baloloal T S S e S e f.
Bdheanan N e m s e e e e S R, - e
2 ' : f . . X : X
8 10 20 30 40 50 80 70 80 =14 160 198 120
Time {soes) T e Targat Veack |
| oosonoPhotTraek
Elevator Rate Limiting; 204U, DIS, 28 deglses
100
86 4
2 w0
=
£ =
&
ﬁ 4& -
18
0 1 10 .
B 8 o g 8
. ﬂ O ! ﬁ ¢ L v
8-§ 90 12183 %38 36-3% 838 28 54 4048 3540 9G53 it o3 » &3
Eitah Aode Slavaisr Rete

Figure €25 Representative Flight Test Result 20U, Rate Lirait of 20 Degrees Per Sscond, Disceets Task, Pilot §
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Table C51
PILOT COMMENTS FOR ZDU, RATE LIMIT OF 20 DEGREES PER SECOND, DISCRETE TASK
| Adrcraft Configuration: 2DU | Rate Limit: 20 degrees per second | Tracking Task: Diserete
" Pilot - Sortie(s) Pilot - 1° Ptz -5 Pilot 3 - 3
" Coopar-Fiarpet Ratings 10 10 0
~ FIO Ratings 6 & 5
o AIRCRAFT
Tnitial Response Responsive - Fast Fast Responsive
Stoady-State Response | Responsive Fasgt Responsive
i Predictable B Yes (at low No No
pain/anpliude)
No (at high gain) e L
Grose Acguisiton Difficult Difficult Bany (for siall inputs)
o - Difficuki (for large steps)
Fine Trecking Adequate Adequate (while fine Adequate
tracking)
PILOT INTERFACE
Conizol Harmony Good Poor Good
Stick Forces Low Medium Medium
Compensation Moderats + {ut high gain Moderms + Moderate
and amplitude) )
Workload Tolerable (low galn) Intolerable Tolerable
Intolerable (st high
gain/amplitude)
Wag there 2 PIO? Yes Yes Yes
Eagily Induced? Yes Yes No
COMMENTS
Good Characteristics | Not bad st low-g and small | Tracked with low gain. Nons
amplitode, Any aggressive mpul
diverged. _ o
Bad Characteristics Over-responsive. Divergent with initial in Conthuous bobble over
Unilyable for large the loop, Ugly. Easily the target, Small, low gain
amnplitude task. 1 siarted induced with gross contro! inputs do not
peting used to the ¥, acquisition. expose the oscillutions.
gradisnt. Sluggish response.

= = A
Motes: 1. An**" indicates test point plotved in Figurs C25,
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Table £52
SUMMARY 20U, RATE LIMIT OF 30 DEGREES PER SECOND, DISCRETE TASK

| Alreralt @g@@%a&z: 200
??@ﬁ?@ruﬁa@w?mﬁngﬁi gl-f1o0

1 Rate Limit: 30 degrees per sceond | Tracking Task: Discrete

| PIO Rating: 51-15% .

Uveral] Evaluation

The initial pich response as well as the steady-state responss were vesponsive. The
steady-state response was wiprediciable so that te gross scquisition of the arget was
diffieult with twa to thres overshoots. The araplituds and frequency of those oscillations
were surprising to the pilet that ways foreed 1o ralse worklvad and the level of
corapensailon roquived o wack the targer. Notwithstanding the considerable pilot effort
the target could aot be tracked within the adequate criteria, On a single cevwrence a
iarge abrupe inpt neaded o aggressively capture the target led to divergent oscillations.
The configuwation wes therefors rated &5 uncontrolisble. The evaluation pilet polnted
out that with @ less demanding task o &t & lower pilor gain this last handling quality
deticiensy wonld have been undetestad.

Notes: 1. The order of ratings is PHot 1 § Fuot 2 | Bilot 3.

3. A" indicales ao ratiig was givesn.
2. An*™* ndicutes test point plotied in Figure C26,

—ATGTa. W1 ~34A
Date Flown: 22-Apr-87
Pilot: Pliat 3
Configuration: 20U

TahR. Disorate
Rate Limit: 30 degisec
Prasgurs Altfiude; 10,200/ PA
indleated Vieloclly: 280 KIAS

Longitding Target Trasking Perfonnancs

Pl Covmond fdeg)

T ¥ T T My ¥ { T

Elgvater Rety Limidng; 2DU, BIS, 30 degisee

139
88 4
é o »&Q
B
E@ a,)}.
) 14
o 8 s . . 8
+} G g 3] [ [+
N o O
08 240 1848 2 5048 2546 5048 2540 6545 4550 2055 EEES] Pe
s dxde Blaveter Rite

Figure €26 Rupreseniative Flight Test Resul 2D, Rate Limit of 30 Degrees Per Second, Discrete Task, Pilor 3
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PILOT COMMENTS FOR 2DU, RATE LIMIT OF 30 DEGREES PER SECOND, DISCRETE TASK

Tuble C33

Alreraft Configuration: 20U

| Raie Lisait: 30 degrees per second | Tracking Tesk: Djscrete

Filot - Sortie(s) Pilgt 1 - 9 Pilot 3 - Not Flown Pilot 3 - §°
Cooper-Harper Ratings 9 Not Flowa 10
PIO Ratings 3 Mot Flows 3
T AIRCRATT ,
Initial Regponss Fast N/A Responsive
Bieady-Stute Response Respongive WA Responsive
Predictable No NiA No
Gross Acguisition Difficuk WA Dittieuli
Yine Tmcking Desred 1 Ri/A /A
PULOT INTERFACE
Conteol Hasnony ~ Good  N/A Good
Stlek Foress Low to medium NiA B Mediusu
Compensation Miuimal {for Fine N/A Moderaie 1o considerable |
Tracking) to considerable {during oseillationz)
(for Grogs Acquisition) 7
Workicad Minimal (for Fine N/A Tolerable 1o intolersble
Tracking} to intolerable
] _ {for Gross Acquisition}
Was there a PIOY Yes N/A Yes
Easily Induced? Yes i N
— COMMENIS - ,
Gouod Characteristics | Tight feeling in fine N/A Good, quick initls)
wacking. vesponss (HG deficiency
were maskod).
 Bad Characteristics Got quickly out of phase N/A Unprediciable sieady-state
during even low gain large response (2 to 3)
amnplitude mansuvers, saciliations, on a bl pull -
o divg__::%gﬂ_t aseillations.

Notes: 1. An “%" indicates test point plotted in Figure C.26.

2. WA - not applicable.
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Table £54
SUMMARY ZDU, RATE LDVIT OF 46 DEGREES PER SECOND, DISCRETE TASK

Cooper-Hasper Ratings: 10(10%]10

[ Riste Limit: 40 dogross per sscond | Trackiug, Task: Diserete

-

[ PO Ravings: 5[5° 3

“Overall Bvalustion

was generally cousidered adequate to secomplish the task. The aircraft could track well
&t low pilot gain and sweady conditions within the desired performance coriteris with
moderate compensution and tolerable workload. However, during aggressive pulls ey
abrapt eaprures the aivcrafl respouse appesred to lag the pilot inpit and divergent
oscillations started, Pilots liked the fine tracking charasteristics of the aiveraft at low
gain, but the pross acquisition response 0 sgpressive inputs way clewrly ohicetionable,
therefore an overall uncentrolisble ratiog was given.

The afroraft initial pitch r63ponse appeared to be fast, Wiile the Sieady-StAlS TESpRmss |

Totes: 1. The order of ranings 8 BUCE | || Pot 2 § PHlot 3,

2. An**" indicates test polnt plotted in Figure C27,

r TARGETE WUEER T aEK THETehs

Date Flowr: 14-4pr87
Pilet: Piot 2
Configuration 20U

Rate Limit: 49 deg/ses
Pragsurs Altitude: 10,000 fi BA
indicsted Velogity: 250 KIAS

Longhudingt Terge: Tracking Peformance

& T T T — T T ¥ = ¥
 Bdeonen R SRR - U b U R e e RN
g t [ 1 ‘:‘ ' ' ' v i i
B L S g W e omjo = @ - (el :'i%;:-—"*l """""""""" T o Lt el [ g ey
53 o 7 o 2 L ' ' . 1 '

’;2- 2 -- - e Kg'--wﬁ!%”f" - -~ o - - [ tem = e
"- ‘4 1 T
§ Dé__siapm-.Lr - - 480 g f L __ ;---:1-‘.0 parmolion = = e o e e m [ e e
RS RN K - ,“_.;gffi‘f;-._“; ...... DR 5 S R
& ' ' . e 1 1 1 1 1
?é P T S i - =@ (B D NN ';--—---‘-«-‘--4 -------------------------------- lo mm o= = T = o o
ol . Lo T S R R L. s AR ]
-1 1) 3 & ]
B ' > ’ b t
g 18 20 34 44 e 80 70 a0 i) k5] ii8 i
Timg (se0s) e Target Tragck ;
======= it Yragk
Elovator Rate Limiting; 20U, DIS, 40 deglage

60

EQT
g 9
B
k.

o 4G
P 18 N ,
§ 5 2 3 ; §
£ 4 G ¢ s
] Cloomo e e NSRS v £
81 1618 180 2023 e Rty SR43 4g 88 -5 b

038
Plish Aule Bleveter Rals

e

Figure C27 Rapresemiative Flight Test Resull 20U, Rate Limit of 40 Degrees Per Second, Disorste Task, Pilot 2
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Tahle €55
PILOT COMMENTS FOR 20U, RATE LIMIT GF 40 DEGREES PER SECOND, DISCRETE TASK

Adreraft Configuration: 2DU

§ Rate Limit: 40 degrees por second

Tracking Task: Discrete

gain scemed to lag, Led io
divergent PIC.

Jump + or - vesulis in
divergent PI0. Flight pubs
airbome momentarily -g
variable stability system
dusap.

Pilot - Sortie(s) Pilot | - 4 Pilot2 -2 Pilot 3 - 3
Cooper-Harper Ratings 10 (Mo problens at low 10 (For gross scquisition) 14
gain/amplitude)
PIO Ratings 5 1 & 3
AIRCRAYT o
Initial Response Fast(Overly responsive) Fast Responsive
Sieady-Btale Responss Responsive Fast Responsive
Fregictuble Ves (Fing} No Yes
No Bind ol a cliff in
periormmics)
Gross Acquisiion Difficult Difficutt Fazy
Fine Tracking Diestred Desired (During ioaded Desired
tracking OK. Problem
hidden.)
FILOT INTERFACE
Contro] Harmony Gaod Foor Good
Stick Forces Low to Mediurs (Good Low w0 Medturn (Fesls Medium
Feeling) touchy in gross
aequisition)
Compensation Minimal (Fine) Comsiderable Moderate (High side)
7 Considerable (Gross)
Woikload Minimal {Fine) Tolerable {While wacking) Tolerable (High side)
Intolerable (Gross) Intolerable (During gross
B acgquisition)
Was there a PIO7 Yes Yes Yes
Fasily Induced? Yes (Large amplitude, Yes (For gross acquisition) No
aggressive input) L
_ COMMENTS ,
Good Characteristics Fine wrack excellent. Tracks well during loaded | Tracking is good under
Flyable low gain. turns. Small corrections steady conditions.
and small oseillations back
) to tracking.
Bad Characterisiics Gross acquisition at high | Gross acquisition - large Terky initial response.

Abrupt captures start &
divergent PIO,

Note:  An ~*” indicates i85l poust plotted i Figire C27.
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Table C56
SUMMARY 20U, RATE LIMIT OF 50 DEGREES PER SECOND, DISCRETE TASK
] gimﬁ*ic Configiation: 200§ Raio Limg: 50 degrecs per second | Tracking Tesk: Diserate 2
| Coopur-Harper Radngs: 581 10]10° | PIORatings: 44]5F5* _ N -
Overall Evatostion The initial impression wee of a very good, solid, fine wacking airplene with shightly N
Jerky initial pitch response. Howaver gross acquisition following bip varger steps caused
pronounced overshoots and in two ouwt of four evaluations a divergent M0, In one
evaiuation 8 large mapiitede aggressive input cassed a non-divergent PIO. In general B
this handling quality deficiency was ot immediately apparent to the evalugtion pilots
that at fist, had the impression to be fiying & very jgood aireraft unill o lorger or mose
Sggressive input was required. o o
Wotes: 1. The onder of ratings is Pilot | | Pilot2 | Pilor3. 3. An %" indicates test pomt ploved i Pignre £-25.
2. A YT weparates multiple ratings by the sume pilot.
@
Alrerart WI1-338 Task Gistrete |
Data Flown: 14-Apr-87 Rate Limit: 50 deg/sec
Pilot: Pilot 3 Pressurg Allitude: 10,000 ft PA
Coaﬁgumﬂm 20U igdicated Velooily, 260 KIAS
B

Longitudingl Targe: Vracking Performance

i T i ¥ T .

Fites Command {degh
Vo
i 3
1 1
i
. <
:

. _‘_.‘—...
PESE D
]

. ..‘[-] -
1 v
t
i K H
] H

ks

70 78 06 86 188 418 140
Tivee {sexs} X e Tradk 5

T eaw s o oPiO Preck

Elgvator Rals Limiting; 20U, IS, 50 deglsse

168
20
B
2 a0
]
E 40 4 _3@ i
pal 4 13 8 5
’ ‘ o ey 8 2 2 1 1 8 2 2 :
53 18 RN RS- 56-25 25350 2538 Rl L5253 4530 25 - 2:5¢] w0
et Auts Elevetor Rate
Figwrs C28 Representative Flight Test Result 20U, Raiz Limit of 50 Degress Per Second, Discrete Task, Pilot 3 D
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Tatle 57
FILOT COMMERNTS FOR 2DU, RATE LIMIT OF 50 DEGREES PER SECOND, DISTRETE TASK @
Aireraft Cmﬁ_@@ﬁmz 2BU  f Rese Limit: 3C degress per seeond | “f‘mkmg Task: Disereie ®
Pulot ~ Sertiels) ] Pilot1-14 Piigt2 -2 Pilet 3 - 3% s
Cooper-Harper Ratings 59 10 10 &
PIC Ravings | 4 (aue (o one Stasl poriion | 5 (discussion; go with 5, 5
of the task)4 __divergent tendeney)
ATRCBAFY B
Initial Response Responsive/Fast (springy) Fast Kesponsive
Steady-Siate Response Responsive/Responsive Respoasive Respoansive
Prediviable Yes/Ves (Flue) Yes {gmall correstions) Mo
Mo (Gross Acauigition; Mo {Giross Acquisiton)
- » amplitude lagged inpit) 7
(Gross Acguisition Easy to difticult (duz to Diffieuli {too mueh Easy {for small steps) B
overshoot on aggressive divergent tendency) Isifficult (for large wieps)
capture ) Difficult N
Fine Tracking Deshred/Desired Desived {smali vseillation Adcguate
about tarped)
) PILOT INTERFACE '
Confyol Harmony Excelient (with incrensing Poor to pood Good B
gy Good
Stick Frozes Low (with iucreasing hiedium Mediurn
gyLow
Compensation Minimal (Fine) Minimal 1o moderaie (Fine Moderte +
Muderats (CrossyMinimal Tracking)
Fine) B €
Moderate {Gross)
Workload Miniral (Fie) intolerable (Gross Tolerabie
Tolerable (Grossy Avguisition)
Minimal (Fine)
o Tolerable (Gross)
Was thers s PIO7? Yes {very linle}/Yes Yes Yes B
Easily Indeced? NofYes Yes {with Gross Mo (only big pull excited
Acguisition) it)
] COVMMENTS
Good Charseterisiics Excellent fine wack. Solid | Fine wragking desired Fine traclung good if
fine wack st high-g. performance with iminimal | tacget stable. '
Tripped variable stability | compensustion. Tracks real v
system during aggressive | pice.
capiure track. Sull
solid/Fine vacking
o onistanding,

Bad Characteristics Initial cuptures one to two | Bad sirplane very well Sensitive, jerky initial -
overshoots, Small P10 maglked. Grogs acquisiton | respongse. Pronounced v
with very aggressive input | Pollowiag jump | overshoots, Divergent PIO
to very close unsatisfactory. Two witen abrapt ight control
control/Springy. Lightly divergent oscillstions. imitisted. Well tnasked bad
demped. Largs amplitude | Safety plior dumped. configuration.
apgressive inpit leads o i,

7 non-divergent PIO. &
Notes: 1. A /" separates multiple ratings by the same pilot.
2. An*” ndicates tes? pold plotied In Figure C28.
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Table C58§
SUMBARY 2DU, RATE LUMIT OF 60 DEGREES PER SECOND, DISCRETE TASK

. s
Adrera®t Configarstion: 2DU Rate Limit: 60 degrees porsecond | Tracking Task: Discrste

Cooper-arper Ratings. 81473 §10/10° | PIG Ratings: 41372 5/5°

Overall Evalustion The initial impression was of & very pood aircra® with 2 guick, even if sliphaly jerdcy,
initial pitch regponse. Fise wracking qusiity was penerally good with no undesirsble
mwiions and allowsd to achiove desired performunce in all the evaluations. However
during sggressive, lavge amuplitude, gross acquisition mansuvering, the airslane wound-
up and diverged in piich in iwo ocessions ot of five eveluations. Other objectionable
chisracteristics were sn apmoying small pitch bobble arvund the targe: during gross
acyuisition and e tendency to grossly overshoot the target during reversals, Oversll the
configuration had a cliffiype handling guality deficiency very well masked during the
sitive sk,

Weowes: 1. The order of ratings is Pilot | § Pilot 2 || Pilet 3. 3. An*” indicaics tes? point piémi in Figuee £29,

2. A %P separsies multiple ratings by the same pilot.

Alverait WT-38E Task Lisaee
Late Flown: 23-Apr-87 Rate Limit: 80 deg/sec
Filot: Pilet 3 Praggure Altitsde: 10,000 ft PA
Configuration: 20U ~ indizated Velodity: 260 IGAS
Longliudingt Target Tracking Ferformancs
g
5
Elevater Rais LimRing; 20U, DIS, 80 degluse
106
86 |
£ ®{ s
& )
a @
a 18
| ]’“"’1 # s 4 3 1 1 1 q 1 i 4
o i 1 gt | = o) J— = = : o S
[ [X0] 4898 334 20538 3555 323% b1 ) 6oa38 AR50 Sixd3 5339 = §g
Prish Auk BloveRer Rule

Figuwe 29 Reprosentative Flight Test Resul 20U, Rate Limit of 60 Dagrees Per Sscond, Discrete Task, Pilot 3
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Table C39

PILOT COMBMENTS FOR 204, RATE LIMIY OF 60 DEGHEES PER SECOND, DISCRETE TASK

Alrcraft Configurstion: 20U | Rane Limit €0 dogress per sovond | Tracking Task: Discreis
Pilot - Sortie(s) Bilgt 1 -4 Pilan 2 - 577 Piiog 3 - 6/8%
Cooper-Harper g 413 10/10
Latings
FIO Rutings 4 342 5
Initial Kespunse Responsive FastResponsive Responsgive (jerky; well
. maskedVRespousive
Sieady-Simte Response Resporsive Slow to responsive/Kesponsive Respousive/Responsive
Predictable Yes {usually} YaslYes Yer {up to the point where it
Mo (high gaia, high went unstable)y/ Yes
coinpensation)
Gross Acquisition Easy (ueually) Easy and difficult Eusy (up to the puint where it
Drifficult (high pain {1 % 2 overshoot on gross went unstable)/Easy
A high compenssation) souisition Y Easy
Fine Tracking Adeguste Destred/Desived Desived (up to the poiat where
. it went unstable)Desired
PILOT INTRERFACE
Conwol Harmony WA GomifGood Sood/Good
Stick Forces Rediom (stif stick) Medium/Medium Medium/Medium
Compensstion Madersate Minimal (Fine Tracking) Moderste/Moderate
Meoderate (Gross
Acquisivon)/Minimal
Workload Tolerable Tolerable/Minimal Tolerable/Tolerable
Was there a PIO? Yes (iendency) REGT Yes/Yes
Easily Induced? No No/to No/Neo
COMBMENTS )
Good Characterisrics | Not bad fecling, “Tracks OK uader g/nizial Initial irapression is of & good
adeguaiz achigvable. | gross scquisition is good, aircraft guick and prediciabls,
rasponsive, tracks well under | but on the jerky side/Tracking
g yuality appeared to be good
initially with no uadesivable
- _ motions.

Bad Characteristics | Fleavy stick, nose lags | Seusitive to touch, variable it diverged during a big pull i
desired opus, stability sysiom diseagage a yuivk and surprising way;
agpressive inputs Jead | under acrodynamis bufler, cliff-type handling quality
io FIQ. feels liks limited controd to deficiency/During the last big

capiure high acquisition, some | pull of the task the afrcraft
aneeying deficiencies with wound up, sncouniered
desired performance/Simall asrodyaamic buffet and
pitch bobble about targes with | depwited in pitch. Chiff-type
gross acquisition, excessive handling quality deficiency.
nose-up Guring reversal, dees | Very well masked during the
not unload easily- «il get entire task,
pitchi-up, compromise in
m@kir;g.

Hotes: 1. A"/ separstes multiple ratings by the same pilot.

2. An " indicates test point ploged in Figure {29,
3. WA - oot applicable.
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Table T80
SUMMARY 20U, RATE LT OF 157 GEGREES FER gEC(}m) DISURETE T4s%K

Avrorsit Contiguration: .zm; § Rae Limir: 157 &@%ﬁ second ; ’mzskmg Tagk: Discrete
~Harper R@ﬂﬁigﬁéﬁﬁ/&* i PIO %ﬁmgs - Zﬁ.afzv

Gveorall BEvatustion The sirplanes initial piick response was very quick and slightly faster than the mcadyssmie
tesponse. It was described & “epringy™ and “nervous” by ene of the evalustion pilots.
Grogs acquisition was overail easy bue for aggressive nputs guick bust rapidly damped
wnall smplitude oscillations were noted. Fine tacking was within degived porforaance
criteriz wiib iolerable workload and modersts compensation, During pulis uader higher 2
two annoying piich rule oscilletions were noted while pross soeuiring the target, The
sivevaft bendling qualides were aszessed Level | i one evaluation, and Level 2 in the
remaining two mainly becsuse the jerkiness of the initial piteh response and the pitch sute
ascillations vnder 3 it were sssessed s minor it annoying d deﬁmmcm

Notes: 1. The order of raungs & Pilot § D oilot2 | Fiist3. 3. Az indicates tet point yismd in Figmre €30,

2. A%/ separates multiple ratings by the swme pllot. 4, A4 %" indicoies wo rating was gives,

Hireat WT-33s TER OBaae
Date Flown: 22-Apr-87 Rate Limit 187 deglenc
Pilot: Pilot 3 Pregsure Alftude: 10,000 ft PA
Configuration: 2DU tndicated Veloally: 280 [KIAS

Lonpitudingl Target Yeacking Perdfermance

8 T T T = =
H
Tietus {Bean} Tefget 1 ek
------ Pilot Track
Elzvator Rate Limiting; 204, DIS, 187 degless
150
&
g w0
E ]
£ ¥
b
. ! ﬂ
7 2 2 1 % 1 g 0 3
SEEEN H f‘jr“z — i o
23 490 O] 1530 2 3530 3235 3344 3Da3d 23488 3059 E539 b33
Bieis dusle Blevsios Raty

Figure C30 Reprosentadive Flight Test Result 20U, Rate Limit of 157 Degress Per Second, Discrete Taslk, Pitot 2
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Table 061
PILOT COMMENTS FOR DU, BATE LIMET OF 137 DEGREES PER SECOND, DISCRETE TASK
Alreraft Configuration: 2DU _{ Rate Limit: 157 degrees per second | Tracking Task: Discreie , b
Pilog - Sorties) Pilot } « Not Flown Piot2-7 Pilot 3 - 6/3°
Coope-timner Retings Hat Flown 2 L]
PIO Ranngs et Flown |- 2 342
i Initisl Recponse /A Regpuusive Pagt {jerkoy)/Responsive B
| Secady-Siste Response WA Responsive Responsive/Responsive
Predictuble A Yes Yes (but when sggressive
tended 1o osclilateyYes
{under moderale g
loadings)
Gross Acguisition WA Hagy Fasy/Casy B
Fine Tracking 2N Desiced (unde g) Desired/Desired
BILOT INTERFACE
Conirol Harmony Bz Good Good/Good
Stick Forces WA Medium Low/Mediuny
Compenssation WA Minimal Moderste/Moderate
Workioad NIA Minimal Tolerable/ Tolerble B
Was there 3 PIO? WA No No/No
Essily Induced? Mo Ho/No
Guud Characteristics WA Flew fairly well, satisfactory | Good fine tracking but {
without improvement. wasn’t confident in giving &
itadsoidecided fora
5/Good waeking under
moderate-g (below 2 g)
o loading,
Bad Characteristics N/t QOune 10 two overshoot initial | Two escillations for
acquishiion, simall bobbling | aggressive racking, 5
about target under low-g, oscillations were guick end
large bobble with large surprised the pilot, they
acguisition, stepped shorten | damped out guickly but
gross acquisition. were surprising, oversll &
springy and “nervous”
configuration/At higher g @
values of two annaying
piteh rate oscillations
{rainor bt annoying
deficiency).

Notzs: 1. A /" separates muitiple ratings by the same pilot.
2. An ™% indicates test point plotied in Figure C30. o
3. N/A - ot applicable.
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Table €62
SUMMARY 2DU, RATE LIMIT OF 20 DEGREES FER .»FQOND SUM-OF-SINES TABK

&mmﬁ’ Canﬁﬂﬂmmn. iﬁU " 1 Rate Limit: 20 degrees per second Tmckmg Tagk: Sum-of-Sines

“Cooper-Harper Retings: 10§10]10° B0 E\armys'ﬁﬂé 6*

Overall Bvaluation This a;rpiane was charasterized by Y 4 f‘..xst iniddal. and steady-siate pm:h 3%}3@315@ The
giveraft was consistently raied unconwollable due to the faet thut just emtering the
control loop with normaal inputs caused divergent oscillations. Relessing or freezing the
control stick did not stop the oscillations. The configuration was clearly unflyable.

Notes: 1. The order of ratings is Pilot 1 | Pilot 2 { Pilei 3.
2. An** indicates test point plotted in Figure C31.

ATar WI1-038 YRR Sum-oi-Sines
Liate Flown, 16-AprgY Rate Limit: 20 degfsse
Pilot: Filet 3 Pragsure Atltude: 10,000 it PA
Configuration: 20U Indicated Voleelty: 280 KIAS

ngzm@i mmﬁ: Trasking Pedarmance

34
-2

Pk Comnonmd §

{ommmes « Pilet Vragh

Elevator Retwe Limitlng; 20U, 308, 20 deg/ese

100
&5
s
£ sf %
1
2 &0
20 14 i3 ,
& E -
4 ku % [+ 4 o] G
SR P ,‘ g
o5 550 1055 i8530 2028 B3 03 0 4043 4840 539 8656 8
Fieh Axie Elovater Rals

Figies C31 Reprossntgtive Flight Test Result 2D, Rate Limit of 20 Degrees Per Second, Sum-of.Sines Task, Pilot 3
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Table C63
PILOT COMMENTS FOR 20U, RATE LIMIT OF 20 DEGREES PER SECOND, SUM-OF-SINES TASK

Alreraft Configuration: 20U

I Rate Limit: 20 deg

onfig rses per second | Tracking Task: Sum-of-Sines
Pilot - Sorte(s) Pilot } = 1 Pilp d -2 Pilot 3 - 6%
Cooper-Harper Ratings 1] 19 1]
PIO Ratings G & &
e ATRCRAFT j
Tnitlal Response Fast Fast Responsive
Steady-Siate Response Fast Fast Slow
Prediciable No Ne No
Gross Acquisition Impossible Linsatisfactory Difficult
Fine Tracking Mot possible ~ Adequate N/A
] PULOT INTERFACE
Control Harmony WN/A Poor Ni&
Stick Forces Low  Medium Madium
Compensation Consideralile Considerable Considerable
Workload Intolerable Intolerable Intolerable
Was there & PIO? Yes Yes Yes
Easily Tnduced? Yag Yeos Yes
o , COMMENTS
Good Characteristics None Nong None
Bad Characteristics Usnabls to eomplets task, | Divergent, dumped by Worst configuemtion so far,
any input drove PIO, safery pilot, bad airplane | a3 soon s I entersd the
opaning contrel loop does | hidden during smali coatrs! loop I got
net solve problem, sorrection wacking, large | divergent FIO, completely
unflyable, jumnps lzad to divergence, | unflyable
could not stop by freezing
i o ) of release.
Wotss: 1. An™* indicates fest poind plotied in Figure C31.

1
2, W/A - noti spplicable.
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Table T84
SUMMARY 2DU, RATE LIMIT OF 30 DEGREES PER SECOND, S8UM-OF-8INES TASK
Alrerah Confipurstion: 20U | Rate Limit: 30 degroes per second | Trackong 1ssk: Sum-of-Sinss

Coopex-Harper Ratings: 8/3 [2§9/8

P10 Rainge: 4/2] 1 14/0°

COverall Evaluation

This aircraft configuration appeared initially good to perform the task with slightly fast
initial but responsive steady-state response. Predictebility and sase of coniral wess viot
questionable with moderately aggressive pifot inputs. In fact two out of five gvaluations
assessed the aircraft as o solid, comibrtable platform to fly with minimal compensation
and tolerable wotkload. However, when the aiversft was flown very spgressively
undlesired motions and in one evaluation 8 PIO were started. The PIO could be stopped
by releasing the controls, Overall the configuration handling qualities were svaluated
Level | gnd Level 3 by one evalustion pilet, Leval | by snother pliot and Level 3 iwice
by the thisd eveluation pilot, This ansle veriation in the ratings could be atibuted to 2
cliff-type hendling quality deflciency that was highlighted only when the task required
large amplitude and very aggressive comections.

==
Wotes; 1. The order of ratings is Pilot 1 | Piloe 2 || Pilet 3. 3. An " indieates test point ploved in Figure C32.

2. AP separates multiple ratings by ths sams pilot.

Date Flown: 22-Apr-87

Configuration; 2DU

Taak: sum-oramas 1
Rate Limit: 30 deg/sec
Pliot: Pliot 3 Praasure Altliude: 10,000 L PA
indicated Vaioclty: 280 KIAS

“RTeTaE NT-A3K

A

&

Langitudinal Tavgst Tracking Performance

T Y T *

‘—-,
i
[y
Thae {sess) I TR T
...... Plit Trask i
Elevator Rats Limidng; 2BU, 84, 36 degless
100

80
g e
g 1
2 %01

20 4 r 19 It 5 . 7

- - ¢ o ¢ o 0 6
; I I = O
[ 618 15 3088 8838 3633 $3G L3-8 0838 89-56 2] » 9%
Fhah Auls Bisvator Raly

Figure £32 Representative Flight Test Result 20U, Rave Limit of 30 Degrses Per Second, Sum-of-Sines Tak, Pilot 3
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PILOT COMMENTS FORZDU, RATE L

Tabie C65

IMIT OF 30 BEGREES PER S"ECC)ND, SUM-OF-STHES TASK

‘ _ﬁ.ii’i;'&’t%ﬁ Coutigaration: 200 T Raie Limit: 56 éegg 28 per second | Freciking Task: Sumeof-Sines
Bilgi - Sortie(s) Pilot 1 -~ 96 Pidor 2 - 5 Pilot 3 - 6/8°
Cospar-Herper Ratings 8/3 2 98
FI0 Racings Al 1 473
o AIRCRAFT
Initial Response Fast/Responsive Respunsive Re&ponsxve/mswmm
ﬁt@myo‘ﬁma Response Responsive/Responsive Kesponsive Responsive/Responsive
Predictable Yes (Fine) Yes No/No
No (large amplitude)/Yes B
Gross Acquisition DiticulvEasy ~ Fasy DiffienlvDitficuk
Fine Tracking Degired/No rating Adequaie to desived Adeguate/MNo rating
i PILOT INTERFACE } '
Corirol Harmony N/ANA Good W/AMNA
Stick Forces Low/Low Idedium ‘Medium/Medium
Compengation Minimal (Fine) to Miniinal Congiderable/Moderate
considerable (Grogs
Acquisition)/Minimal (Fine)
to moderste (Gross
Acquisiion) )
Waorkload Minimal (Fine) to Minimal Intolerable/Tolerable (high
intolerabis (Gross side)
AciquisitionyMininal (Fine}
to tolerable (Gross)
Was there & PIOY Ves/No e Yes/Ne
Basily Induced? Yes {with routine gain)/No No No (stopped by releasing
the controls¥/Ne {undesired
oscillutions)
COMMENTS A
Good Charseteristics Fine Tracking OK/Good No oscillations about Initially good iwacking,
fine track. Pretty good the target. Good steady | Cetches the pilat by
airplane. tracking. Mo jendency | surprise when it eventuaily
o bobble with degress rades/None,
aggressive in the loop.
Mice simplane. k
Bad Characteristics Overly fast witis! regponse WA Cliff-type degrees rotation
led to large oversheots, Easy of handling guality with

to get out of phase,
Controllability was in
auestion./Blightly
oveensitive. Drove some
small overshoots.

high gain inputs./Pitch
oscillations are quick and
compromized task
performance o the point
wiere adequate
performance could not be
achieved and control might
have been loat at high phiot
2ains.

Totes:

bl i

A /" separates muitiple ravings by the same pilot,
An 207 indicetes teet polnt plotted in Figure £32.
/A - not epplicable,
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Tabls (&6
SUMMARY 20U, RATE LIMIT OF 40 DECHERS PER SECOND, SUM-OF-SINES TASK

&immﬁ‘{i@ﬁfigmaﬁ@m 2DU § Rate Limit: 40 deprees pey second _LT:&?E{% ’i‘mﬁi Suni-ot-Gines

Cooper-Harer Ratings: 513/4° 16 P10 Ratiogs 1R T

Overall Evaluation Ths initis] and seady-siats piich responge wers assessed “*ab‘upt” and “Hght” with smaii

vershoots and oseillations sbout the target. For bigger control inpuls out-of-phase
oseillations were induced and could be clbninated by reducing e pilot geins and
aggressiveness. Overall the gireraft handling qualities were consistently mied Leve! 2
with acessional PIO tendencies,

Woios: 1. The orer of ratings 18 PHo 1 | POt 2 § BUOL 3, 3. A%t 37 [ndliontes 195t point plotied i FIgore C a5,

2. A°P separeves multinle ratings by the semne pilot.

Y ¥11 7 i Ty v Taok, Bun-oranes 1
Dgle Fiown: 18-Aprg7 Rate Limit 40 deg/sac
Pilet: Pllot 2 Pregaure Altitude: 10000 R PA
Conflguration: 200U Indloated Veloclty: 280 KIAS

L@ﬁgimaiﬁaai ‘i’ﬁm@‘z Tragking Perlonnanes

..a.y

Feh Commnnd (dogh

& 10 20 30 40 50 &0 70 9] 40 1) 110 420
Tims {sses) [ Targst Traek
D ones s o Pl TrEGK

Elevator Rats Limiting; 20U, 208, 41 degluer

163
8¢
§ g0
43
%
& 45 J
20
a0 i3
! I : § e z 5 2 2
l ! - g e L
¢ 4 s Lo == =23, = T W
(23 510 1048 1930 2686 EEe ] Wl 3840 48 4B g8 8539 3]

Piich &uis Bovaler Rue

Figure C3% Representative Flight Tes Result 20U, Rave Limi of 40 Degress Por Second, Swm-of-Sines Task, Bilor 2
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Table C&7
BLOT COMMENTS FOR 20U, RATE LIMIT OF 40 DEGREES PER SECOND, SUM-0OF-SINES TASK

Adrcrait Contiguration: a0

Rite Limit: 40 degyees per seoond ' "xi"a;cking Task: Sum-oi-Sinas

N

@

| Pilot - Sortie(s) Pilot 1 - 1 Pllot2- 5,7 | Pilor 3 -3
" Cooper-Harper Retbgs 5 (close 0 4) 3/4 {increass workload and &
compensstion to ncrease
parforinance) i
FIO Ratings 3 1 2 4
Initial Responss Responsive Fnst/Responsive Responsive
Sieady-Gigte Rasponse Responsive Responsive/Besponsive Responsive
Prediviable Yes Yeos/Yes No
(ross Asguisition Shightly difficult Ensy (one to two Diftiouk
ovarshoots) within
B adequate criteris
¥ine Tracking Adequeis  Desired/Adequate Adegeute
o PILOT INTERFACE
Control Harmoeny N/A Gond/Gond N/A
Stick Foreey Medium Medium/Modium Madium
Compensation Moderate for desired Minimal to Moderate
moderate/Minimal )
Worklosd Tolerable Tolerable/Tolerable Taolerable (on the high
side)
Was there g FIO? N He/Ne No
Basily Indueed? Neo No/ilo Yes (unwantsd oscillations
were enstly Bduced.)
COMMENTS
Good Characteristics Not a bad jet, Only Smaall overshoots didnot | N/A
slightly over sensitive. prevent accomplishment
of the task/Gross
Acquisition within
, adequate criteria. _
Bad Characteristics Capture overly sensitive Ogscillating about the Jerky initial response. Out
{(two to three overshoots). | taeget, Small overshoots- | of phase ozeillations when
Too “tight” in phich. Initial | small capiures/Abrups the targst malces bigger
mrbulence tainted firg initial response. One to Junips.
10 1o 13 seconds. twe overshoots on gross
anquisition. Pitch bobbling
about target during
tracking. Extea
compensation reguired to
elimingie,

Notes: 1. A */ separaes multiple ratings by the same pilot.
2. Aw ¥ indicates test point plotisd in Figure £33,

Y

3. N/A - not applicabls.
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Table C68

SUMMARY 20U, RATE LIMIT OF 50 DEGREES PER SECOND, SUM-UF-SINES TASK

_AlreraRt Conflguration: 20U

| Rute Limii: 50 dogress per second {Tmakmg Task: Semeoi-Singg

Couper~Harper Ratings: 5° L@% §6

_| PIO Raings: 4° 313

Crvarall Evaluation

Toe tunel 2od steady-siats phich response were ssvssssd “&prmgy" sd “umreﬁzcmvie”
@ the point whers one e:valuatxon pilot described them as “uncomfortable.” Undesirable
motions were sasily induced increasing pilot workload. Por bigger control inpuds in one
evalugtion a mild PIO was observed but could be easily eliminsted by reducing pilet
gains. Overall the aircraft handilng quelities were consimently rated Level 2 with
secasional PIO tendeaciss,

Hotes: 1. The order of ratings is Pilot 1 | Pilot2 § Pillee 3.

2. An "+ mdicaies st point plotied in Figuse €34,

Alverare Ni-SiA T TEER. BUm-O-STieE
Data Flown: 11-Apr-87 Rate Limil: 80 deg/sss
Piiot: Pilet 1 Frosoure Altliiude: 10,000 8 PA
Configuration: 20U tndieatad Velosity: 260 KIAS
Longiisding Target Tracking Porfomusnce
% A S
- Y I A A U A S A L A e H Seeean
& % T
H : t
80 108 10 940
Tisme (g6es) SR &7 R ¥
...... Pilet Traek !

0 Blavater Rate Limiting; 20U, 808, 80 degfaey

]
§ 84 |
B
& 9 3

22
2g | H ) 12 19 ¥ .
: e 4 H] 5 1 1
27 F 838 18488 2086 158 533 el 4348 G352 £5:38 8580 b3+
Piteh Aue Blavader Rate

Figore 34 Represemiative Flight Test Rasult 20U, Kaie Limit of 30 Degress Per Second, Surn-of-Sines Tosl, Pilot 1
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Table 69
FILOT COMMENTS FOR 20U, RATE LIMIT OF 50 DEGREES PER SECOND, SUM-OF-SINES TASK
¢ Alrcraft Configusstion: 2D } Rate Limit: 50 Jegrees per second ) Tracking Task: Sum-of-Sines @
Pilot » Sortie(s) | Bilot 1 - 1# Pilot 2 -2 Pilst 3 - 6
Coopsi-Harper Ratings 5 4 &
PIO Ratings 4 3 3
i ARCRAFE
Initial Response Responsive Fast Responsive (jerky) B
! Steady-Siate Bespouse Fast Regponsive Respousive
' Predictable N Yes No
Ciross Acquisition Difticult (for edequate Easy Difficalt
performanee criteria) N
Fine Tracking Adeguate Adequsic Adeovaie
p _ PULOT INTERFACE B
Control Hammony i Good N/A
Stiek Forees Medium Medium Low
Compensation Moderate (Fine Tracking) “Modernie Moderate+
Considerable {Gross
o Acquisition) B
4 Waorkload Tolerable (for adequate Tolerable Tolerable+ &
~ performance critgria)
Wag there a PFIOT Yes {very slight) Wo Na
Easily Induced? Yes (driven by No Ng
aggressivensss) o
' COMMENTE
¢ Good Charactenstics | Flyable Wone Noug P
Bad Cheracleristics Abrupt inpuis cavse mild | Pitch bobbles aboug the initial pitch response
FIO, essily compensated | target while fine tracking | speingy and unpradictabls,
for. inersasing pilot workload, | jerkiness makes thig
a bit too fast on initlsl configuration
response. unconfortabile for the -
§ pilot, undesirable motions P
_ } wers ogsily induced.
Metes: 1. An“®" mdicates tesi point plotted in Figure T34,
2. W/A -not applicable,
4 B
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Tabde C70
SUMMARY 20U, RATE LIMIT OF 60 DECREES PER SECOND, SUM-OF-SINES TASK ' @
Alrraft Configuration: 20U ) Rate Linit; 50 degrees per second § Trucking Task: Burr-of-Siogs B
Cosper-Harper Ratings: 3]3/3° 45 | PIO Ratiugs: 2J2/2°13 7 ] )
Overal Bveluation The sivcraf felt sesponsive both in the Witiel and the sicudy-sisis respomse. This &

eonfiguration was considered overnll predictsble in that desived performance criteris
could be echieved on three cut of four evaluations. One evaluation pilot noticed thet at
higher plot gaing the wracking perfomaunce degrees raded to adeguate doe io the onset B
of snnoying undesivable motions, Overall the handling qualities of the alreralt were
evalusied borderline between Lavel | snd Level 2 with undesirable oscillatioas more

evident when the pilo was tracking sparessively,
svident when the pilot was fracking azeressively

Notes: 1. The order of retings is Filot 1 | Pilot 2 | Piet 3,
2. A% separgies mudtiple ratings by the same pilot,

3. An %" indicates test point plotied in Figure T35,

B
ARGar N1k TTaek Sumoo-aines |
Date Flown: 16-Apr-87 Rate Limit: 80 deg/sec
Pilot: Pilot2 Pressure Adlitude: 16,000 #t PA
Configuraion: 2DU Indicated Velocity: 250 KIAS
&
Lengiuding! Targel Tracking Perfarmance
8 - , — : = ; - +
""""""" S A SR AR O S
[ +f ¥ ;‘_&%m‘,,,: ..... Lomm e [ _‘: _____ f; @
0 N .- AN 1 A1 AN S S - A - i
- J 3 WU S A SR L, AR, et e e
€ o Il e A g . qm
80 60 70 50 %0 w08 16 4w
T {meas} [ = Targe trek | w
...... ot Tragk : #
Elovater Rate Lirniting; 20U, SO, 80 deglsec
168 - .
80
B
:é o
;iz wl ¥
= } gfa %
{ & 8 3 ,
B - 3 2 1 1 4
pX E3¢g EL AT e w35 558 338 810 4048 4230 o] 2250 s &
Phek &xbs Blavetor Bate
Figwre ©35 Representative Flight Test Resul 20U, Rate Limit of 60 Degrees Per Second, Sum-of-Sines Taslk, Pilat 2 o
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Tubls C71
PILOT COMBMENTS FOR 20U, RATE LIMIT OF 60 DEGREES FER SECOND, SUM-OF-SINES TASK
Alrsraft Configuration: IDU T Rate Lunit. 60 degrees per second ) Tracking 1esk: Sum-0i-Smes } g
Pilot - Sortie(s) Pilot 1 -4 Plloy 2 - §/7% Pilot3 -6
Cooper-tizrper Ratings 3 3/3 s \;@
PIO Ratings 2 272 3
' ATRCRAYFT
Initig] Response Responsive Responsive/Responsive to Responsive B
fast
Srendy-Srate Response Resgponsive Responsive/Responsive Responsive
~ Predictable ] Yoy Yeos/Yey __Ro
Gross Acquisition Rasy Basy/Easy Fasy (for low gain
S ucking)
Fine Tracking  Desied ] Desired/Desired Adequste B
PILGT INTERFACE
Control Hasmony Wa Good/Good N/a
Stick Forees Low (fivm feel) Medium/Medinm Maodinm
Compenssion Minimal Minknal 10 Wioderate
N - moderaie/Minimal
Workicad Minimal+ Minimal o Tolerable+ B
N o rolerable/Minimal
Was there 8 PIOY Ho Ho/No Mo
Easily Induced? No No/Ne Ma
COMMENTS -

Good Chasacteriseies One aznall overshoot then | Gress Acguisiticn was Hons L
uo probiem, nice fesling good/Small acquisitions v &
jer eusily controfiabie,

iniainial compensation
requived to accommodate
for springy feel,
Bad Chazacteristics Shighily overly sensitive, Small oscillations about Qualiny of wacking is
vary springy fesling, high | the target duving fine strongly dependent on e ;
frequency shoit pericd bul | tracking, difficultto pilot gains, unprediciable
were damped. control without increase in | overall, undesirable
compensation. Tagk wotions sasily indeced.
performance was
cotupromissd
shightly/Pitch bobbling
about the target, slightly
abrupt, springy with large
| acguisitions,
Notes: 1. A 7 separatss multiple ratings by the same pilot.
2. An**" indicates test point plotted fu Figurs C35. o
3. MN/A& - not applicabls, ¥
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Tabls C72

SUMBMARY 2DU, RATE LIMIT OF 157 DEGREES PER SECOND, SUM-OF-SINES TASK

;chmft Configusation; 2DU

1 Rate Limit: 137 deprees per second | Tracking Thsk: Sum-of-Sines

Conper-Harper Ratings: 35413 { IO Raiwge: 2102
Gverall Evsluation This alrplase was characterized by & quick end “springy™ hital pitch response while tie

steady-staie pitch response was assessad good fov die wsk. The plich response was
pleasantly prediciable both at low sad high pliot sains. Two to thrse ensll unwented
oecillations were noticsd during aggrossive omcking, b they were consideved as 2
mildly objectionsbie deficiency as they did not affest ek parformance thet was
cousistently within the desired criteria. The sircealt gave 8 i@ 10¢ eomforable feeling
to the evaluation pilots and was considered oversl] good for the tested wacking tack.

Notes: 1. The order of ratngs is Hilot § §Pilot 2 § Piioe 3, 3. A indicstes no reling wan gives.
2. An “*” indicates test poins ploted in Figore C36,

BIFEaTe NT-3am Tao GRnGaoe ]
Date Flown: 22-Apr-87 Rale Limit 157 deglese
Pilot Bilot 1 Pressiure Afiuds: G000 A PA
Configuration: 20U Indicetad Valoity: 250 KIAS

Lonaituding! Target Tracking Perfonnance

. e s gemmen A, W
o L il L R P q=m- - oo P jo
pe SV G ' !
. s-g LR, EERE
E ".e é{r'*.‘ R it il it
§ SR VA4 AR T U S
e T . . X
2 i R R R
B S . S e R
. + N ! l'
70 88 90 180 110 120
] THGR Trask
i eevoccaa Pt Trech |
Elevatwr Rate Limidng; 20U, 308, 157 degfesc
00
a3
2 60
5
g ] @
M=
20 4 H = ' 1) ]
Li { r)i z ¢ 3 2 L g 5 © o
0 3 rmi [ == g | ey i
[ =]

510 1043 1 518 2830 L 4 4065 4D L] 5638 >33

Figurs C36 Representative Flight Test Result 20U, Rate Limit of 157 Degress Par Second, Sumi-o€-5inss Task, Pilot
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Tabie C73
PILOT COMMENTS FOR 2DU, RATE LIMIT OF 157 DEGRESS PER SECOND, SUMOF-SINES TASK
Alreraft Configaration: 20U Rate Limit: 157 degrees per sccond ¥ Tracking Yusk: Sum-of-Sines e @
Pilot - Sortiefz) Filot 1-9% "~ Pilet 2 - Not Flown Pilot 3-8 .
Cooper-Harper Raitigs 3 ot Flown 3 &
PIO Ratings 2 Wi Flown 2
AIRCRAFT
Haitiad Respouse ‘ Respunsive v RIZ) Responsive B &
Steady-State Response Responasive + WA Responsive -
Predictable Ves N/A, Yes
~ Giross Acguisition Basy {one to two WA Easy
overshoois)
Fine Tracking Edegired WA Dieslred
] PILOT INTERFACE ) a8
Control Hannony WA N/A N/A
Siick Foroes Low (firm and Wi Medium
comfortable)
Cornpeasation Mindmal N/A Wioderate (low end}
Waorkload Minimal WA Tolerable {low end}
Was there g PIO? No WA Ne P @
Easily Induced? o Yes (undesicable motions)
COMMENTS o
Guod Characieristics Good airplane. R/A Overall prediciable and
' good wacker,
Bad Characteristics Slightly over-responsive in WA Two i three oscillations. o
initial capture. “Springy” initial response. e ® g
Mildly unpleasant
deficisnsies,

Notes: | An %% indieates test point plotted in Figure €38,
2, /A - notl applicable.

B 4
6 ¢
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DATA PARAMNTER LIST

GROUND-BASED AND FLEGHT TEST
DATA PARAMETERS

The dela parameter requirernents  which
wore collested for all test points e shown in
Table D1,

In support of S four test objectives, the
followlag spseific dutm were collected:

i. For Objective 1, the WNT-33A timeo-history
dam to generate piich-step and freguency vesponss
for compaciven with prefilght predicrions.

2. For Objective 2, 2D elevator position and
72% time-history dats of the discrete tracking task
for & rangs of rate limiis (Tsble D2 and Figure
D1}, Dats were eollected and snslyzed from the
UBAF TPE simulator and the NT-334 flight test.

3, Fer Objectives 3 zad 4, the pllet conenent
cand, Figure D2, (lachuding Cooper-Hamper [Figwe D3}
sugd PIO eatings [Figus: D4Y); the Aighs test debrief;
and the tme-history dete {Table D3).

The pilot comraent ewed, the Cooper-Haiper
Rating scale, the PIO Rating seale, the positlight
debrief, and the tlme-bistory data requivemsents ane
sontairned in this appendix,

WEFIRITIONS AND SCALES FOR
PFILOT COMMENT CARD

Initial aircra®t movement due to conirol input.

1. “Blow.” Initig] alrorefl movement is net
quick snough o accomplist task,

2. “Responsive.” Initiel sircraft movement is
quick encugh o accomplish tagk,

3. “Fagt” Initlel alrcraft movement inhibits
accomplishment of taslk,

Table I
FLIGHT AND GROUND-BASED SIMULATION TEST PARAMETERS
Dats Parametor LAMARS Ground-Based Simulation ‘E\TI‘QSBA@t Tew

Pilai Comment Card i

Coppes-Harper Rating X
| PIO Rating . %
 Flight Test Detirlef %
| Tope-History Dain R

Hote: LAMARES - large ampiituds multimode asrospace reseanch sineulator

Table D2
HUD TRACKING TASK PERFORMANCE CRITERIA
“Fatk Destred Adegusie
HUD Tracking Tagk hiaintzin eorameand bay (ferget) within the | Maintsin conunund bar within

18-miliirmeter circle of the fxed refirence | the 20-millimeter sirels of the
symbol for SO percent of the time!

fived referencs symbol for
30 percen of the thne!

Lirryrrone oy ecquisition, Thoss aegutdtion perfomed sgaressively, achleving desimed/pdenuats srisnin o guichly @ poesible,
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ADBEGQUATE Criteriy
{20-mBimeter dismelsr sothnmked by the pilod)

Cuter Symbol, DESIRED Criteria
{1C-millimeter dismeter)

Figure 1 BUD Tracking Tesk Symbology

Alreraft moveaasnt during cvnivol displuceraent.

I, “Blow.” Alomfl movemest Is not gulek
enough o soconiplish sask.

3, “Responsive.” Aireraft movement i5 guisk
soough 1o sooomplish wgk.

3, “Fest” Abomaft movement inhibits
svcomplishment of task,

Dogs aircra® movement beginfozase whan desired?

I “Yes” Alrorefl wmovement beginsioessss
when desired.

2. "Ng” Alrcraft movement dosy  not
begin/cease when desired.

Hicone Acsulvition.
Tndtial ecquisition of UG g
1. “Essy.” Mot diffouli.

2. “Difficulk.” Herd o perform.

Fine wacking of HUD tergst,

I, “Ademste” Tege wedked  withls
1D-mniliimeir civele 50 pevcent of time.

2, “Destred”  Tapst  wacked  within
S-miliinetar cipcls 50 pornont of time.

Piteh and roll inconsistenciss with application,

1, “Pogr” Inconsistencies frapacted
accomaplistunent of task,

2. “Gocd” lconsinencies did not knpact task,

3, “Bxeslient” Ho eppavent Inconsistensies
during tashk,

Siek fovess, estimated by the pila, required o
displace airerafl.

i, *Low” §ic 10 pounds,
&, “iedivm.” 19 to 25 pounds,

3. “High 25 to 50 povnds.

Physical end mental offort required o
sosomplich task,

§. “Minkmel” Twk cin be perlormed wihb
eiasive ease or low lovel of effort,

2, “Tolereble.” Task workload can be borse or
endured.

3. “Imiolerable.” Task workdosd canniot be
bome or ondursd,

g
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CAVE LIMETS Sovtle 8

 COND | BXIY | Plots ‘ Duie:
Initial Response Slow Responsive Fast
Steady State Slow Responsive Fast
Response
Predictable Yes No

Uross Acguisttion  Hasy Difficult

Fine Tracking Adeguats  Desired

POILOT INTERFACE:
Control Harmony Poor Good Excellent

Stick Foress  Low DMedhwn High
Comipensation Minimal Moderate  Considersble
Worldoad Midmal Tolerable Intolerable

Was there a FIOT Yes No
Easily Induced? Yes No

RATING SCALES:
1. Cooper Harper Rating

| 2. PIO Rating

3, Good Comunents

4, Ba@i Cosumnents

Figare D2 Pilot Comment Caxd
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Pilos compraation 2t & fastes for
dushind porfavemos

Gosd

Plsglitn favdcaniin

mmmﬁamm
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oo bt dmtsvite
dafaicacisg

deiplansias

Aeanmss verloiaiings seasins
eqnseddrnhia el coupenssilon

Adbss porivenan st sialselis wih
Conyolishilhy ot in geaion

Coanideaable pllst oonponcution i
terptivod e sournl

Taaimion jsiot oovigensation s rpised
i yaiokn commol

! Wirler deistontiis

Conmol will b ke dudeg osms
pomisnolouind spumilea

10

Figwe D2 Cooper-tarper Rating Seale (Roterence %)
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T No tendeney to moues

B e et 2| pRGVERRES o7 allininated by
uﬁdesﬁabié\ ‘f‘{? s ~J8 pliot teehuigue
A f33d p . .
zaotions tead o - A porfomatace
oacur? wmpwmmd‘z"m Undesirable motions s be
2ol i |3 |plevenied or elimingted Gwough
considerabie pilot attention and offor)
66 4 Pilot must reduoe gain
p»"?:"i\gg"‘"““‘ or sbandon task o yecovar
. 7 Camsse yes / } = )
es@ﬂ&aﬁaV E—’Q"ﬁﬁ%ﬁ:f;/
i - g | Pilot inusi open loop by

Bilot Inftietes ghrapt
sansuvers or tght contrel

" divergem i

undesirable motions

Undesivable motions can oo

releasing or freezing stick

Filot musgt open control loop by

P e

selessing or freazing mtick

Figwre D4 PIO Rating Sosle (Referencs 9)

Pilot must eresse workioad to toprove sireralt
performance dus o deficient vehicle characteristics,

5, “pinimal” Tesk cza be performied with
valative oags or low level of effon,

2. “Moderas” Task worlioad oasn be bore o
endused.

3. “Considersbls,” Tosk worldond cenmet be
bome o7 endured.

Uncomsmanded sireraf oaciiintions.

1. "Ves.” Uncommandsd alrorafl movement,

123

a.  1f Yes, casily induced?

1) “Yes” Unecormnanded aivcralt
raovement susily lnduced,

2 “Neo” Uncomimanded.

2. “Wo No vncommunded glvaeft moverent
not ensily indoced,

O

i, If possible Calspun safely pilot should be
present,

2. The fight tom debrief should be conducted
88 toon & poselble after completing the sortis. Ths
pilot debrief will slways be copducted the same day

i

o




Table B3
TIME-HISTORY DATA REQUBEMENTS
Ne. Wame Sysabol Rutg Uk Frecigion Range
1 | dme t 100 Hz 8¢ 9,010 W/A
2 | piteh atidk posiion Sag 180 Bz i 0,030 L
3 | voll siek position das 100 iz in 0.050 19
4 | yuddey vedal nesitlon ) 100 iz in 0.025 +5
__5 | laiora] accoleration, og Ny 100 Hz 8 0.025 %3
& pitch stick force Fes WG He 5 3.500 +100
7 | voll stick foree as 100 Hz i 0,250 =30
§ | mader pedal lorce Fro 100 iz ib 0.500° X100 |
9 | piich trackiog conwnand Bg 438z dog 0.013 3
10 | plich trecking emor Qerpor | 43 Hz deg 6.015 %3
i1 | pressure altiude h 100 Hz [ 14.600 §0,000:£2,000
12 | evem marker evi 100 iz /A NA NA
13 | wue alrspead ¥ 100 Hz Bisee 5.000 +£1000
14| roll rate p 100 Hz deglses 0,500 +160
15 | pitch rate g 100 Hz dog/ece 0.250 +50
16 | yaw rate ¥ 100 Hz deg/sec 0.450 £50
17 | normsl accslerationatog | na, | 100Hz 2 0.025 =
1§ | angie-ofatiack o 100 Hz deg 0160 +20
19 | siceslip aagle B3 _ 100 Hs deg 0,100 20
20 | sin {pitch angls) g 0Hz WA 0,287 deg +37.5 deg
21 | sin (rif angle) ) 100 ¥z /A 0,287 deg +57.5 deg |
22 | roll command after R.L. Saca 43 Hg deg 0.200 £40 |
23 ) cleovaior eommand fizch 43 H deg G200 40
Before rage limit
24 | indlcated aivapesd Y 100 Hz kt 1.375 0.0 - 550
25 | slevator conmand afier Beea 43Hz deg 0.200 40
rate limit
26 | voll racking command d¢ | 43Hz deg 0.350 =70
27 | roll tracking emvor ferror 43 Hz deg 0.350 270
28 | normal secsleration ot nz, 106z 4 0.025 5
pilot statlon
29 | acwal slevator position e 100K deg 0.020 +4
Note: MN/A. - not applicable )
126
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3. Each test puint will be separutely debriefed. 4. After the review of the HED video,
are there further pilol corumenis concoraing
4. The BUD video will be reviewsd for sech ek perfornamoe? B
fest puint debrief,
8. Afier the review of the HUD vides, are gg‘}
5. The following sreas will be eddoessed and iheve fucther pilot comments concerning P10 rating?
noted during each iest point debrief:
£ After e roview of the HUD video, we
s, Did any externad factors (waflic calls, there further pilot commments connerning stiek gein? B
twbolence, chiange in fext conditions) bise the resully
of the test poine? g Rete yow confidence in the quality of
die daia collecied for this ot point {Accepiable,
b, Afwr the review of the HUD vides, Re-Tly). Ressons for ro-Ty must by axgoulated.
sz thers futher pilot commeniz concoming '
sggressivensss? b Further Comments, B
e. Adiar the review of the HUD video, are
thers furiher pilot corments conceralng worklond?
=
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REQUIREMENTS TRACEABILITY MATRIX
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REQUIREMENTS TRACEABILITY MATRIX

GENRRAL ] §
‘T requiremenis acesbilly et desilibow  nvesigadon of pilobinduced oscillation due to @@

gach e objective was scoomplished (Yable Ei) clevagor rate limiting (HAVE LIMITS) The
with specific mensuve of performance (MOPs) as maix slse defines what data requircrments wers
defined in the test plam for o Hmited flight fest collected for each MOR.

g €
Tabls B
REQUIREMENTS TRACEABILITY MATRIX
Objective MOE Data B §
Mo, Chiestive No. Mop e BRequitesnenss
2.2.1 Verify szl 1l Compare time and frequency | Time histories from step
vonfignrations tings from the NT-33A sgeinst | inputs and Bode ploia
preflight predictions. from flight test,
2.1 | Determing three rate fimits Thne history of slovator
using the USAF TP& rage. ] §
sivanlstos,
222 | Deeraine tues rate 22 | Calspan will determine three | Time history of elevator
Timits for wsz in recomemended rate it for rate and eriteria used for
NT-334 » sogtie 1. choosing rate limits,
2.3 | Verily recomnmended rate Time history of elevator
limiis giving sufficient resulty. | mate. g & £
22.3 | Gather in-flight dats 3.0 | Pliot commenis, CH satings, Pilot comments, CH
Tor the test condition PIC ratings, sad time histories. | ratings, PIO ratings, and
spately in Appendit A time bistories {Table D3
224 Gater ground-based 4.1 Pilot comments, CH satings, Pilot comsaents, CH
simulation duta for the and FIO ratings. satings, and PIO ratings.
satne tegt poinis flown e €
2,23 -
Notes: 1. MOP - messure of performance
2. TP - Test Pilot School
3. CH- Cooper-Marper
4. PIO - piloi-induced oscillation & y
2 £
B G
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DETAILED TESY "ROCKEDURES

1

%

GERERAL

I

In the accomplivhment of the limited flight
test mvestgation of pilot-lnduced oscillation due
o elovator rate Hinitng (HAVE LIMITS) flight
test progrem, the following wst proceduses
were defned and repested for euch test mission,
The dsfined overell test procedures lnclude the
pretest briefing, in-fight test procedures, end post-
test briefing,

The USAF TP HAVE LIMITS test wam
chaired the pretest bricfings before each flight.
The test objectives, procedures, suscess and
gofro-go eriterla, airoraft status aind crowmember
responeibilities wore discuseed, Any dsia products
nezeded at the end of the flipht were also discussed.
Go/o-ge criteris were reviswed during the
pretest bricfing. A checklis for the gofno-go
critaris i gdefined in Table F1.

A KEght Moot Prasadursy

The project pilet was in the front cockpit
of the NT-33A aircrafl, with Calspan safety pilot
in the rear cockpil. Fach sertie conglsted of &
Gl-second warm-up pericd, followad by s series

of Zeminuie HUD maching tusks. At the
completion of each teat point, the Calspan safery
pliot would program the in-flight simulstor for
the next test point, while the project pilot voiced
his comments, Cooper-Harper rating, and PIO
rgting for veocoeding on the inflight voice
recorders. The Calspan safety piiot, having
eompleted the changsd of test condivon, was
ready for the next test poinat. ‘The procedure wes
repeated until the fuel lixalt was reached.

Yuotiishs Compmuni

1. Ewvalugtion pilot tekes commsnd of
afroraft, safety pilst loads next dest
configuration,

2, Challengz-response the cusrent tast point,
3. Clearthe area.

4, Cell "begin mansuver.”

5. Cali “tegt point complete.”

6, Both plles determine if test point should
be reaccomplished (if ves, retarn to stesp 2).

Table Fl
SVMO-GO CONSIDERATIONS

“Yechnical | Satety of Flght

i Failure Ho-Go Ho-0o
No dat svailsble from the pitch wacking command x

Mo data gvailable Srom the roil tracking command X

No daia svaliable rom the piich tracking esvor b

No dats availsble from the roit tracking error X

Ko data available from the elevator commend afer ety limit X

Ho dain avellabie from the elevator command befors rate limit X

Ho dals gvailable Srom the plich stiek positien X

Ho dets svailable from the shinulated devator X

HUD or HUL tracking task not availsble X

Safety wip sysiem (cheek gach flight prior to fist point} ‘ X
Variable fight conpal sysem X

Weather {mcsuc&ing;wmre 10 gxireme trbulence) X
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Evaluation pilot vaises his commenis and
ratimgs for the in-fight voles recandes,

Safoly wilor seis the NT-334 alrem® for
the nert tast condides,

Clegzsd o nowt st polat, go o sep L.
Safety of Plight “Kaock it o™

e of tegy Hsles “Terminnte”
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The USAF 198 HAVE LIMITS teat team
chaired the posi-iest briefings afier ssch fght. The
briefing fasiuded the slverad status, & review of te
ohjectives, the success coriterla ssgocisied with
those ohjsciives, and any lessons lewped. 4 review
of tha teet polnts was also ascomplished. The HUD
vidoo was reviewed mrior io e poxt wisslios o
transfr evalvanion plot comments onle the
comient eaxd ghown in Appendiz D.
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AW
LAMARS
LOES
MIL-STD
Nih

PIO
PIOR

BO%

R

Al Fores Bese

Ak Foren Flight Test Center

eonrol sugmeniation paremsier
Calspag-designeied expsriment numbers
field of view

froquency 1esponss anulysis

Siek Feres

fieadoup digplay

in soourdames with

isrgs suplitnds multimods serospacs resesrch simulsior

lower order equivalent svitem
military gtandard
not applicable

pilot-indueed oscillation
pilot-induced oscillation satiag
sum-of-sines

slovator rate tmi

Tegt Pilot Schoso!

Unisad States Alr Porce
verigble stablilty system
shori-period domplng
short-peried natural froquency

Ligh Treguency pitch altitude zars
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Dafense Techaival Information Ceuter
DTICIOCE

Cameron Stmtion, Bldg. ¥#5
Alexandria, VA 22304.6148

Wright Labaatsry

WLEIGE

Bidg. 146

2210 Righth Stroat Suble 24

ATTN: David Loggett
Wright-Patterson AFB OH 45433-7551

Calspan Carporation
ATTN: Lou Kaotts
P.0. Box 400
Buffelo NY 14225

HOH Adronsitics e,

ATTHN: David Michell

Vigts Verde Conter #2317

2075 Palos Verdas Dmbve North
Loaiita CA 90717

Symiems Techoology Ing
ATIN: David Klyde

13766 South Hawthorae Blvd
Hawithome CA $02350-7083

High Plaing Faginesing
ATTN: Ralph Swdth
PO Box W

Mejave G 93502

Major James Koomberg
Haval Al Warfve Conter
MAD, 1 Adnis Clirels
China Lake CA 53555

HNASA Ames Rosewseh Coater
ATTH Willlems W. F. Chung
hnflstop 243-5

Moffes Flold OA $4035-1000

Puesle University

ATTH Dr, Domiani Andrisant
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BISTREBUTION LIST (Concluded)

Undversity of Califomia
ATTN D, Rooald A, Hess

Dhopartment of Mechanica! and Awronmviics! Baghwewing

Davis CA 93616-5284

UBAF TPSEDT
228 Sowth Wolte Ave
Bdvweards AFE CA 93324

412TW
ATTHN: Tom Twisdale
Bdwards AFR CA 93524

412 TW/TS
183 E. Popson Ave, Bldg 2759
Béwards AFB CA 93524-6843

412 TW/TSTL
307 E. Popnon Ave, Bldg 1408, R 119
Edwards AFB CA 93524-6530

AFETC/EO
14 & Rowwmopd Blvd, Bidg 88014
Edwards AFB CA 935241118

AFFICICAS
195 E. Pepson Ave, Bldg 2750
Bdwards AFD Ca 93524-6843
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